
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ʊɸ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ɺɯʅʅʀʎʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

 

 ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

 

ʇʠʣʠʧʝʥʢʦ ɯʥʥʘ ɺʽʪʘʣʽʾʚʥʘ 

 

ʋɼʂ 658.512.6 

 

 

ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ ʈʆɿɻɸʃʋɾɽʅʆ-

ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 05.13.06 ï ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ  

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ 

ɼʋɹʆɺʆʁ ɺʆʃʆɼʀʄʀʈ ʄʀʍɸʁʃʆɺʀʏ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

 

 

 

 

ɺʽʥʥʠʮʷ - 2016



2 

ɿʄɯʉʊ 

 

ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ............................................................................ 5 

ɺʉʊʋʇ .............................................................................................................................. 6 

1 ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋʇʈɸɺʃɯʅʅʗ 

ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ............. 12 

1.1 ʈʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʷʢ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ............... 12 

1.1.1 ʂʣʘʩ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ............................ 12 

1.1.2 ʇʨʠʢʣʘʜʠ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ................... 16 

1.2 ʇʨʦʙʣʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ....................................................................................... 21 

1.2.1 ɿʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ............................................................................. 21 

1.2.2 ʄʝʪʦʜʠ ʪʘ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ....................................................... 23 

1.2.3 ʋʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ........ 27 

1.2.4 ʄʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ .................................................................................. 29 

1.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ....................................................................................................................... 34 

1.4 ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ....................................................................................... 38 

1.4.1 ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ................................................................................... 43 

1.5 ɺʠʩʥʦʚʢʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ....................................................... 45 

2 ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ 

ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ............. 47 

2.1 ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ .......................................... 47 

2.2 ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ........... 59 

2.2.1 ʄʘʨʢʦʚʩʴʢʘ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ .................................................................................. 59 



3 

2.2.2 ʅʝʚʠʟʥʘʯʝʥʠʡ ʮʠʢʣʽʯʥʠʡ ʛʨʘʬ ʷʢ ʤʦʜʝʣʴ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ................................................................................................................... 69 

2.2.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʮʠʢʣʽʯʥʦʩʪʽ ʥʘ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ......................................... 76 

2.3 ɸʥʘʣʽʟ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ................................................................................. 81 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ ............................................................................................ 87 

3 ʈʆɿʈʆɹʂɸ ʉʊʈʋʂʊʋʈʀ ʊɸ ɸʃɻʆʈʀʊʄɯɺ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ 

ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ 

ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ......................................................................... 89 

3.1 ɸʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ....................................................................................... 89 

3.2 ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʯʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ............................................................................................ 96 

3.3 ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ........................................ 102 

3.4 ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ..................... 107 

3.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ ......................................................................................... 115 

4 ʇʈɸʂʊʀʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ              

ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ 

ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ....................................................................... 116 

4.1 ʈʝʘʣʽʟʘʮʽʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ..................................................................................... 116 

4.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ............................................................................................................. 120 

4.2.1 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ .... 120 

4.2.2 ʇʦʙʫʜʦʚʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʇɿ ʚ ʧʘʢʝʪʽ SimuLink131 

4.2.3 ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ........................................................................................................ 149 



4 

4.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ ........................................................................................ 150 

4.3.1 ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ .............. 150 

4.3.2 ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʢʠ 

ʦʚʦʯʽʚ .................................................................................................................... 158 

4.4 ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ .............................................. 159 

4.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ .......................................................................................... 162 

ɺʀʉʅʆɺʂʀ ................................................................................................................. 164 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ................................................................... 168 

ɼʆɼɸʊʂʀ .................................................................................................................... 192 

ɸ. ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ................................................................................................ 192 

ɹ. ʃʽʩʪʠʥʛʠ ʦʩʥʦʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ .............................................................. 196 

ɺ. ʇʨʠʢʣʘʜʠ ʦʙʝʨʥʝʥʦʾ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʚʠʪʨʘʪ .................. 203 

ɼ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʦ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.......................................................................................... 206 

 

 



5 

ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ERP (Enterprise Resource Planning Software) ï ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤ 

ʧ̔ ʜʧʨʠ̒ ʤʩʪʚʘ 

MES (Manufacturing execution systems) - ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ 

ɸʇ ï ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʧʨʦʮʝʩ; 

ɸʉʋ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ; 

ɯʊ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ;  

ɯɸʉʋ ï ʽʥʪʝʛʨʦʚʘʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ; 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ;  

ʇʈ ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ; 

ʈʊʇ ï ʨʦʟʛʘʣʫʞʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ; 

ʈʎʊʇ ï ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ; 

ʉʇʇʈ ï ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ; 

ʉɸʂ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

ʊʆ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ; 

ʊʇ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ ʪʠʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ 

ʩʢʣʘʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʽ ʦʧʝʨʘʮʽʡ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʘʣʛʦʨʠʪʤʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʪʠʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ (ʈʎʊʇ). ʇʨʦʙʣʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚ ʟʚôʷʟʢʫ ʟ ʾʭ ʧʦʰʠʨʝʥʥʷʤ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʻ ʪʝ, ʱʦ ʚ ʢʽʥʮʽ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ 

ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʭʦʜʽʚ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʪʝʦʨʽʷ ʽʛʦʨ, ʪʝʦʨʽʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ, 

ʥʝʯʽʪʢʠʡ ʚʠʩʥʦʚʦʢ  ʪʦʱʦ) ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʮʝʩʫ ʽ ʚʟʘʻʤʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʢʨʝʤʠʭ ʨʽʰʝʥʴ. 

ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ 

ʮʴʦʛʦ ʻ ʧʨʦʙʣʝʤʘ ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝʩʫʪʴ ʚ ʩʦʙʽ ʧʝʚʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ.  

ʇʠʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʣʽʜʥʦ ʟʘʡʤʘʶʪʴʩʷ ʇʘʚʣʦʚ ʆ. ɸ., ɿʛʫʨʦʚʩʴʢʠʡ ʄ. ɿ. ʇʨʦʙʣʝʤʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʫ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʩʚʽʪʣʝʥʥʽ ʚ ʨʦʙʦʪʘʭ ʪʘʢʠʭ 

ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ ʷʢ: ʗ. ɹʝʨʥʫʣʣʽ, ɸ. ɺʘʣʴʜʘ, ʃ. ʉʝʚʽʜʞʘ, 

ɸ. ɻʫʨʚʽʮʘ, ɺ. ʇʘʨʝʪʦ, ʃ. ɿʘʜʝ, ɯ. ɺ. ʂʫʟʴʤʽʥʘ, ʆ. ɻ. ʅʘʢʦʥʝʯʥʦʛʦ, ɺ. ɺ. ɸʢʽʤʝʥʢʘ, 

ɭ. ɺ. ɯʚʦʭʽʥʘ, ʉ. ʆ. ʄʘʱʝʥʢʘ, ʖ. ʂ. ɿʽʘʪʜʽʥʦʚʘ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ ʉ. ɼ. ʐʪʦʚʙʠ, ɺ. ʄ. ɼʫʙʦʚʦʛʦ, 

ɻ. ɺ. ʇʦʨʻʚʘ, ɯ. ɺ. ʇʦʚʦʨʦʟʥʶʢʘ, ʆ. ɺ. ɹʽʩʽʢʘʣʘ. ʆʜʥʘʢ, ʜʦʪʝʧʝʨ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦ 

ʚʠʚʯʝʥʠʤʠ ʧʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ (ʮʠʢʣʽʯʥʽʩʪʶ). ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 
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ʧʦʚʪʦʨʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ. ɿʦʢʨʝʤʘ, ʥʘʷʚʥʽʩʪʴ ʨʠʟʠʢʫ ʧʨʠ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ 

ʯʠ ʮʠʢʣʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ (ʮʠʢʣʫ) ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪ, ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʝʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʈʎʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ 

ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʫ, ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʽʚ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʜʥʽʭ ʡ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʟʦʢʨʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʢʘʬʝʜʨʘʣʴʥʦʶ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʪʝʤʦʶ ˉ 46 ʂ3  çʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤè ʪʘ ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦʶ çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ 

ʟʘʩʦʙʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ 

ʨʦʟʛʘʣʫʞʫʶʪʴʩʷ, ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè, ʱʦ ʚʠʢʦʥʘʥʘ ɺʽʥʥʠʮʴʢʠʤ 

ʥʘʮʽʦʥʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʟʘ ʜʝʨʞʙʶʜʞʝʪʥʦʶ ʪʝʤʦʶ (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112U001367), ʜʝ ʘʚʪʦʨ ʙʫʣʘ ʚʠʢʦʥʘʚʮʝʤ ʮʽʻʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ.  

ʈʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʽ ʟʘʜʘʯʽ ʚ̔ ʜʧʦʚʽʜʘʶʪʴ ʜʝʨʞʘʚʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ 

ʧʨʦʛʨʘʤʘʤ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ɿʘʢʦʥʘʭ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʫʢʦʚʫ ʽ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè, çʇʨʦ ʥʘʮʽʦʥʘʣʴʥʫ ʧʨʦʛʨʘʤʫ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè, ʘ ʪʘʢʦʞ 

ʧʣʘʥʘʤ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʛʨʘʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ: 6 ï ɯʥʬʦʨʤʘʪʠʢʘ, ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʽ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ; 6.2.1 ï 

ɯʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 6.2.2 ï ʇʝʨʩʧʝʢʪʠʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʠʩʪʝʤʠ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ: 

ī ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  

ī ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ; 

ī ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  

ī ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ 

ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

ī ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  

ī ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ.  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʄʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ 

ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʚʠʟʥʘʯʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʛʨʘʬʘʭ ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʤʘʨʢʦʚʩʴʢʠʭ ʣʘʥʮʶʛʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʟʤʝʥʰʠʪʠ 

ʚʪʨʘʪʠ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʠʡ 
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ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ ʥʝʯʽʪʢʠʭ 

ʦʮʽʥʦʢ ʚʪʨʘʪ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ. 

3. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʧʽʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʾ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʦʧʝʨʘʪʦʨʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʪʘ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʘʶʪʴ ʟʤʦʛʫ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ.  

ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʛʨʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʥʘ ʷʢʽ 

ʦʪʨʠʤʘʥʦ ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʘʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʥʘ ʪʚʽʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ, 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ ʅɺʇ çʉʧʽʣʴʥʘ ʉʧʨʘʚʘè ʫ 2015 ʨʦʮʽ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ɺʅʊʋ) ʫ 2016 ʨʦʮʽ ʧʽʜ ʯʘʩ ʯʠʪʘʥʥʷ ʣʝʢʮʽʡ, ʧʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʫ ʟ ʜʠʩʮʠʧʣʽʥʠ ñɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚò. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʥʠʡ 

ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʽʜʝʾ ʽ ʨʦʟʨʦʙʢʠ: [1] ï ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ; [2, 4, 21] ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ; [3] ï ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʉʇʇʈ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ; [5, 21] ï ʨʦʟʨʦʙʢʘ ʤʘʨʢʦʚʩʴʢʦʾ 
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ʤʦʜʝʣʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; [15, 21, 27] ï ʨʦʟʨʦʙʢʘ 

ʤʦʜʝʣʽ ʨʦʟʛʘʣʫʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʛʨʘʬʽʚ; [14, 16] ï ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʨʦʛʨʘʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; [14] ï ʨʦʟʨʦʙʢʘ 

ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ;  [17, 18] ï ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʥʘ ʨʦʟʛʘʣʫʞʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ; [6, 7, 28] ï ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʘʤʠ; [19, 20] ï ʨʝʘʣʽʟʘʮʽʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʦ ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; [25, 26] ï 

ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʯʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; [29, 30] ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʠʢ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.   

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 16 ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ SAIT 2011, ʤ. ʂʠʾʚ, 23-28 ʪʨʘʚʥʷ 2011 

ʨ. ʅʅʂ "ɯʇʉɸ" ʅʊʋʋ "ʂʇɯ"; ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

SAIT 2013, ʤ. ʂʠʾʚ, 27-31 ʪʨʘʚʥʷ 2013 ʨ. ʅʅʂ "ɯʇʉɸ" ʅʊʋʋ "ʂʇɯ"; ʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ (ʂʄʅʊ-2012)è, ʤ. ʍʘʨʢʽʚ, 24-27 ʢʚʽʪʥʷ 2012 ʨ., 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ; ʥʘ ʊʨʝʪʽʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè, ʤ. ɺʽʥʥʠʮʷ, 29-31 ʪʨʘʚʥʷ 2012 ʨʦʢʫ; ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ 

(ʂʋʉʉ-2012)è, ʤ. ɺʽʥʥʠʮʷ, 9-11 ʞʦʚʪʥʷ 2012 ʨʦʢʫ; ʥʘ VIɯI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʦʩʪʠ ʧʝʨʝʜʦʚʦʡ ʥʘʫʢʠ ï 2013è, ʤ. ʉʦʬʽʷ, ɹʦʣʛʘʨʽʷ; 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʩʚʷʯʝʥʽʡ 100-ʨʽʯʯʶ ʟ 

ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʘʢʘʜʝʤʽʢʘ ʆ. ɻ. ɯʚʘʭʥʝʥʢʘ çɸʚʪʦʤʘʪʠʢʘ ï 2013è, ʤ. ʄʠʢʦʣʘʾʚ, 25 -  

27 ʚʝʨʝʩʥʷ 2013 ʨ.; ʥʘ XXXVIII-XLI ʨʝʛʽʦʥʘʣʴʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

ɺʅʊʋ (ʤ. ɺʽʥʥʠʮʷ, 2011-2016 ʨʨ.); ʥʘ ʏʝʪʚʝʨʪʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 
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ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè ʤ. ɺʽʥʥʠʮʷ, 28-

30 ʪʨʘʚʥʷ 2014 ʨʦʢʫ; ʥʘ 21-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ çɸʚʪʦʤʘʪʠʢʘï2014è, ʤ. ʂʠʾʚ, 23-27 ʚʝʨʝʩʥʷ 2014 ʨ.; ʥʘ ʍɯɯ 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ (ʂʋʉʉ-

2014)è, ʤ. ɺʽʥʥʠʮʷ, 14-16 ʞʦʚʪʥʷ 2014 ʨ.; ʥʘ 17-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ SAIT 2015, ʂʠʾʚ, 22-25 ʯʝʨʚʥʷ 2015 ʨ. ʥʘ 18-ʡ ʤʽʞ; ʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ SAIT 2016, ʤ. ʂʠʾʚ, 30 ʪʨʘʚʥʷ - 2 ʯʝʨʚʥʷ 2016 ʨ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 21 ʥʘʫʢʦʚʫ ʧʨʘʮʶ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ 8 ʩʪʘʪʝʡ ʫ ʞʫʨʥʘʣʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 

1 ʩʪʘʪʪʷ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʞʫʨʥʘʣʽ, ʱʦ ʽʥʜʝʢʩʫʻʪʴʩʷ ʙʽʙʣʽʦʛʨʘʬʽʯʥʦʶ ʽ 

ʨʝʬʝʨʘʪʠʚʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ SCOPUS, 1 ʩʪʘʪʪʷ ʚ ʟʘʢʦʨʜʦʥʥʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ 

ʚʠʜʘʥʥʽ, 1 ʨʦʟʜʽʣ ʤʦʥʦʛʨʘʬʽʾ, 7 ʪʝʟ ʜʦʧʦʚʽʜʝʡ, ʦʪʨʠʤʘʥʦ 3 ʘʚʪʦʨʩʴʢʽ ʩʚʽʜʦʮʪʚʘ ʥʘ 

ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ. 

ʉʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ ʪʘ ʾʾ ʦʙʩʷʛ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʡ 

ʟʤʽʩʪ ʚʠʢʣʘʜʝʥʦ ʥʘ 155 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʤʽʩʪʠʪʴ 65 ʨʠʩʫʥʢʽʚ, 23 

ʪʘʙʣʠʮʽ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 175 ʥʘʡʤʝʥʫʚʘʥʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 221 ʩʪʦʨʽʥʢʫ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋʇʈɸɺʃɯʅʅʗ 

ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ 

 

1.1 ʈʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʷʢ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ 

 

1.1.1 ʂʣʘʩ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʊʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ (ʊʇ) ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʡʦʤʽʚ 

ʦʜʝʨʞʘʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʽʥʬʦʨʤʘʮʽʾ, ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʽ ʤʝʭʘʥʽʟʤʘʤʠ, ʱʦ ʜʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ [36-37]. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ). ʊʘʢʽ ʩʪʘʜʽʾ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʦʧʝʨʘʮʽʾ. ʆʧʝʨʘʮʽʷ ï ʮʝ ʟʘʢʽʥʯʝʥʘ 

ʯʘʩʪʠʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʫ ʚʠʢʦʥʫʶʪʴ ʥʘʜ ʦʜʥʠʤ ʘʙʦ ʢʽʣʴʢʦʤʘ 

ʦʙôʻʢʪʘʤʠ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ [38].  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ [38] (ʨʠʩʫʥʦʢ 1.1):  

- ʟʘ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʽʟʘʮʽʾ;  

- ʟʘ ʢʨʘʪʥʽʩʪʶ ʦʙʨʦʙʢʠ; 

- ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʨʦʚʠʥʠ; 

- ʟʘ ʥʘʧʨʷʤʦʤ ʨʫʭʽʚ ʪʝʧʣʦʚʠʭ ʽ ʩʠʨʦʚʠʥʥʠʭ ʧʦʪʦʢʽʚ;  

- ʟʘ ʦʩʥʦʚʥʠʤʠ ʨʫʰʽʷʤʠ. 

ɿʘ ʢʨʘʪʥʽʩʪʶ ʦʙʨʦʙʢʠ  ʨʦʟʨʽʟʥʷʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ: ʮʠʢʣʽʯʥʽ, 

ʨʦʟʛʘʣʫʞʝʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ (ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ) [38-44].  

ʎʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʩʠʨʦʚʠʥʘ, ʷʢʘ ʥʝ 

ʧʨʦʡʰʣʘ ʧʝʚʥʫ ʩʪʘʜʽʶ ʛʦʪʦʚʥʦʩʪʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ. ʊʦʙʪʦ 

ʩʠʨʦʚʠʥʘ, ʯʠ ʯʘʩʪʠʥʘ ʩʠʨʦʚʠʥʠ,  ʮʠʨʢʫʣʶʻ ʚ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʽ. 

ʈʦʟʛʘʣʫʞʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ï ʮʝ ʧʨʦʮʝʩʠ ʦʜʥʦʨʘʟʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʨʦʚʠʥʠ.  
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ʊʝʭʥʦʣʦʛ̔ʯʥʠʡ 

ʧʨʦʮʝʩ

ɿʘ ʩʧʦʩʦʙʦʤ 

ʦʨʛʘʥ̔ʟʘʮ̔ʾ

ɼʠʩʢʨʝʪʥ̔ ɹʝʟʧʝʨʝʨʚʥ̔ ʂʦʤʙ̔ʥʦʚʘʥ̔

ʇʝʨʝʨʠʚʠʩʪ̔ ʇʝʨ̔ʦʜʠʯʥ̔

ɿʘ ʢʨʘʪʥ̔ʩʪʁ 

ʦʙʨʦʙʢʠ

ʎʠʢʣ̔ʯʥ̔

(ʢʨʫʛʦʚ̔)

ɺ̔ʜʢʨʠʪ̔( ʟ̔ 

ʨʦʟ̔ʤʢʥʝʥʠʤ 

ʣʘʥʮʁ ʛʦʤ)

ʂʦʤʙ̔ʥʦʚʘʥ̔

 
ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ʈʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʘʙʦ ʟʤʽʰʘʥʽ (ʢʦʤʙʽʥʦʚʘʥʽ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʩʠʨʦʚʠʥʘ ʤʦʞʝ ʮʠʨʢʫʣʶʚʘʪʠ. ʇʨʦʪʷʛʦʤ ʦʜʥʦʛʦ 

ʮʠʢʣʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʯʘʪʢʦʚʘ ʬʦʨʤʘ ʧʨʦʜʫʢʪʫ ʤʦʞʝ ʜʦʚʦʜʠʪʠʩʷ 

ʘʙʦ ʜʦ ʢʽʥʮʝʚʦʾ, ʘʙʦ ʜʦ ʧʨʦʤʽʞʥʦʾ ʬʦʨʤʠ, ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ʈʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʫʤʦʚʥʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʜ̔ʣʝʥʽ ʥʘ ʪʘʢʽ ʚʠʜʠ: 

ʘ) ʙʝʟʧʝʨʝʨʚʥʦ-ʮʠʢʣʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʚ ʷʢʠʭ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʧʨʦʮʝʩʫ ʽ ʚ ʨʽʟʥʠʭ ʘʧʘʨʘʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʽ ʽ ʮʠʢʣʽʯʥʽ 

(ʧʝʨʽʦʜʠʯʥʽ) ʨʝʞʠʤʠ ʨʦʙʦʪʠ; 

ʙ) ʮʠʢʣʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʤ ʨʝʞʠʤʦʤ 

ʨʦʙʦʪʠ ʦʙ'ʻʢʪʫ ʽ ʧʝʚʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ 

ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʩʣʫʞʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʫʨʷʢʦʧʝʨʝʨʦʙʥʦʛʦ 

ʮʝʭʫ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʘʙʦ ʚʽʜʜʽʣʝʥʥʷ ʧʠʚʦʚʘʨʥʦʛʦ ʟʘʚʦʜʫ [48]. 

ɹʫʜʴ-ʷʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʠʥʫ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʩʫʢʫʧʥʽʩʪʴ ʤʝʥʰ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ, 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʝʣʝʤʝʥʪʘʨʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. 

ɽʣʝʤʝʥʪʘʨʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʧʨʦʮʝʩʦʤ [45].  
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ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʨʦʙʦʪʠ O. ʇ. ʈʦʪʰʪʝʡʥʘ ʪʘ ʉ. ɼ. ʐʪʦʚʙʠ [91] 

ʪʝʭʥʦʣʦʛʯ̔ʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  ɺ [91-94] 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1.2).  

 

ʈʠʩʫʥʦʢ 1.2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ɺ [152] ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʢʣʘʜʝʥʦ ʪʘʢ ʟʚʘʥʽ 

ʪʠʧʦʚʽ ʩʪʨʫʢʪʫʨʠ. ʂʣʘʩʠʬʽʢʘʮʽʶ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.3.  

ʊʠʧʦʚʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1 [91].  

ʈʦʟʨʽʟʥʷʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʢʦʥʮʝʧʮʽʻʶ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʤʠʣʦʢ ɸʇ: ʦʜʥʦʚʠʤʽʨʥʽ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʽ. ɹʘʛʘʪʦʚʠʤʽʨʥʠʤ ɸʇ 

ʥʘʟʠʚʘʶʪʴ ʪʘʢʠʡ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʷʢʦʛʦ ʤʦʞʫʪʴ 

ʟôʷʚʣʷʪʠʩʷ, ʚʠʷʚʣʷʪʠʩʷ ʪʘ ʚʠʧʨʘʚʣʷʪʠʩʷ ʧʦʤʠʣʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ [91]. ɺ [91, 94] 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ: ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʈɽɸ, ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ çʦʧʝʨʘʪʦʨïɽʆʄè ʪʦʱʦ.  
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ʄʦʜʝʣ̔ ʘʣʛʦʨʠʪʤ̔ʯʥʠʭ ʧʨʦʮʝʩ̔ʚ

ʈʝʛʫʣ̫ʨʥ̔ ʅʝʨʝʛʫʣ̫ʨʥ̔

ʇʦʩʣ̔ʜʦʚʥ̔

ʇʘʨʘʣʝʣɹʥ̔

ʈʦʟʛʘʣʫʞʝʥ̔

ʎʠʢʣ̔ʯʥ̔

ʇʦʩʣ̔ʜʦʚʥ̔

ʇʘʨʘʣʝʣɹʥ̔

ɿ ʧʝʪʣʝʁ

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

 

ʊʘʙʣʠʮʷ 1.1 ï ʊʠʧʦʚʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʅʘʟʚʘ ʩʪʨʫʢʪʫʨʠ ʉʭʝʤʘ 

ʇʦʩʣʽʜʦʚʥʘ 

(ʢʦʤʧʦʟʠʮʽʷ) 

 

 

ʈʦʟʛʘʣʫʞʝʥʘ 

(ɤ-ʜʠʟôʶʥʢʮʽʷ)  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1. 

ʎʠʢʣʽʯʥʘ 

(ɤ-ʽʪʝʨʘʮʽʷ)  

 

ʈʦʙʦʪʘïʢʦʥʪʨʦʣʴï 

ʜʦʨʦʙʢʘ  

 

ɹʘʛʘʪʦʨʘʟʦʚʘ ʨʦʙʦʪʘ  

 

ɤ- ʜʦʨʦʙʢʘ  

 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ.  

 

1.1.2 ʇʨʠʢʣʘʜʠ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʦʛʦ ʪʠʧʫ ʪʘ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʾ ʯʠʩʪʢʠ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧôʷʪʴ 

ʦʩʥʦʚʥʠʭ ʩʪʘʜʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʭʽʤʽʯʥʦʾ ʯʠʩʪʢʠ [70], ʧʦʢʘʟʘʥʠʭ ʥʘ 

ʨʠʩʫʥʢʫ 1.4: ʧʨʠʡʦʤ ʚʠʨʦʙʽʚ; ʩʦʨʪʫʚʘʥʥʷ  ʚʠʨʦʙʽʚ; ʧʦʧʝʨʝʜʥʷ ʟʘʯʠʩʪʢʘ; 

ʭʽʤʽʯʥʘ ʯʠʩʪʢʘ ʚ ʤʘʰʠʥʽ; ʦʙʨʦʙʥʽ ʦʧʝʨʘʮʽʾ. ʅʘ ʜʝʷʢʠʭ ʝʪʘʧʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʦʙʩʪʘʚʠʥ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ 
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ʧʦʜʘʣʴʰʠʭ ʦʧʝʨʘʮʽʡ. ɿʦʢʨʝʤʘ, ʫ ʚʟʷʪʦʤʫ ʈʎʊʇ ʭʽʤʽʯʥʦʾ ʯʠʩʪʢʠ ʪʘʢʽ ʨʽʰʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʝʪʘʧʘʭ ʚʠʚʝʜʝʥʥʷ ʧʣʷʤ (ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʧʣʷʤ), ʚʠʙʦʨʫ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ (ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ 

ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ (ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ). ʇʦʤʠʣʢʦʚʽ ʨʽʰʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʧʨʘʮʽ, ʯʘʩʫ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʷʚʠ ʥʝʚʠʧʨʘʚʥʦʛʦ ʙʨʘʢʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʈʎʊʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʷʢʽ ʧʨʠ 

ʟʘʜʘʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʨʽh ʝʥʴ [70]. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ.  ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʦʧʝʨʘʮʽʡ: ʩʦʨʪʫʚʘʥʥʷ, ʢʘʣʽʙʨʫʚʘʥʥʷ, ʤʠʪʪʷ, ʦʙʯʠʱʘʥʥʷ, ʧʨʦʤʠʚʘʥʥʷ, 

ʥʘʨʽʟʫʚʘʥʥʷ (ʨʠʩ. 1.5). ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʦʙʨʦʙʢʦʶ 

ʦʚʦʯʽʚ, ʦʨʛʘʥʽʟʫʶʪʴʩʷ ʦʢʨʝʤʽ ʣʽʥʽʾ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʪʦʢʦʚʠʭ 

ʣʽʥʽʡ  ʥʝʦʙʭʽʜʥʦ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʚʩʽ ʦʧʝʨʘʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ, ʢʽʣʴʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʦʚʦʾ ʣʽʥʽʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʦʙʩʷʛ 

ʧʨʦʜʫʢʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʚʠʧʫʩʢʫ, ʨʦʙʦʯʘ ʩʠʣʘ, ʧʨʠʩʪʨʦʾ, ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. 

ʆʪʞʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʦʚʦʯʽʚ ʥʝʦʙʭʽʜʥʘ ʜʦʩʠʪʴ ʪʦʯʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ [4]. 
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ɺʠʟʥʘʯʝʥʥ̫ 

ʚʠʛʣ̫ʜʫ ʚʠʨʦʙʫ

ɺʠ̫ʚʣʝʥʥ̫ 

ʜʝʬʝʢʪ̔ʚ

ɺʠ̫ʚʣʝʥʥ̫ 

ʟʘʙʨʫʜʥʝʥʥ̫

ɺʠʟʥʘʯʝʥʥ̫ 

ʪʝʭʥʦʣʦʛ̔ʯʥʦʾ 

ʦʙʨʦʙʢʠ

ʂʦʤʧʣʝʢʪʘʮ̫̔  

ʧʘʨʪ̔ʡ

ɺʠʟʥʘʯʝʥʥ̫ 

ʩʢʣʘʜʫ ʤʘʪʝʨ̔ʘʣʫ

ʈʦʟʧ̔ʟʥʘʚʘʥʥ̫ 

ʢʦʣɹʦʨʫ ʚʠʨʦʙ̔ʚ

ɺʠʟʥʘʯʝʥʥ̫ 

ʩʪʝʧ̔ʥʥʁ  

ʟʘʙʨʫʜʥʝʥʥ̫

ɺʠʚʝʜʝʥʥ̫ 

ʧʣ̫ʤ

ɺʠʢʦʨʠʩʪʘʥʥ̫ 

ʘʤ̔ʘʢʫ

ɺʠʢʦʨʠʩʪʘʥʥ̫ 

ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ

ɺʠʢʦʨʠʩʪʘʥʥ̫ 

ʨʦʟʯʠʥʥʠʢ̔ʚ

ɹʝʟʧʦʩʝʨʝʜʥɹʦ 

ʯʠʩʪʢʘ

ɺʠʢʦʨʠʩʪʘʥʥ̫ 

ʤʠʁ ʯʠʭ 

ʟʘʩʦʙ̔ʚ

ɺʠʢʦʨʠʩʪʘʥʥ̫ 

ʞʠʨʦʧʦʜ̔ʙʥʠʭ 

ʟʘʩʦʙ̔ʚ

ɺʠʢʦʨʠʩʪʘʥʥ

 ̫ʘʨʦʤʘʪ̔ʚ

ɺ̔ʜʞʠʤʘʥʥ̫ ʉʫh ʥ̔ʥ̫
ʈʝʢʫʧʝʨʘʮ̫̔  

ʨʦʟʯʠʥʥʠʢ̔ʚ
ɼʝʦʜʦʨʘʮ̫̔ ʇʨʘʩʫʚʘʥʥ̫ ʋʧʘʢʦʚʢʘ

ʇʨʠʡʦʤ ʚʠʨʦʙ̔ʚ ʉʦʨʪʫʚʘʥʥ̫ ʚʠʨʦʙ̔ʚ ʇʦʧʝʨʝʜʥ̫ ʟʘʯʠʩʪʢʘ

ʍ̔ʤ̔ʯʥʘ ʯʠʩʪʢʘ ʚ ʤʘhʠʥ̔ ʆʙʨʦʙʥ̔ ʦʧʝʨʘʮ̔ʾ

ʊʝʭʥʦʣʦʛ̔ʯʥʠʡ ʧʨʦʮʝʩ ʭ̔ʤ̔ʯʥʦʾ ʯʠʩʪʢʠ

ʇʝʨʝʚ̔ʨʢʘ 

ʢ̫ʦʩʪ̔

ʊʠʧ ʧʣ̫ʤ

ʈ̔ʚʝʥɹ ʟʘʙʨʫʜʥʝʥʥ̫

ʊʠʧ ʤʘʪʝʨ̔ʘʣʫ

ʂʦʣ̔ʨ ʤʘʪʝʨ̔ʘʣʫ

ʈ̔ʚʝʥɹ ʟʘʣʠh ʢʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥ̫

ʈ̔ʚʝʥɹ ʟʘʣʠh ʢʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥ̫
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ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʉʭʝʤʘ 

ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.6. ʊʝʩʪʫʚʘʥʥʷ - ʮʝ ʦʜʥʘ ʟ ʪʝʭʥʽʢ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ: ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ (Test Management), ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʩʪʽʚ 

(Test Design), ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷ (Test Execution), ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ (Test Analysis) [35].  

ʇʣʘʥʫʚʘʥʥ̫ ʨʦʙ̔ʪ
ʇʨʦʝʢʪʫʚʘʥʥ̫ 

ʪʝʩʪ̔ʚ
ɸʥʘʣ̔ʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣɹʪʘʪ̔ʚ

ɺʠʢʦʥʘʥʥ̫ 

ʪʝʩʪʫʚʘʥʥ̫  

ʈʠʩʫʥʦʢ 1.6 ï ʇʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʇɿ 

 

ʎʽ ʯʦʪʠʨʠ ʝʪʘʧʠ ʻ ʦʩʥʦʚʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʇɿ. ʂʦʞʥʘ 

ʦʧʝʨʘʮʽʷ ʤʽʩʪʠʪʴ ʩʪʘʥʠ, ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʧʝʨʘʮʽʾ. ɿʦʢʨʝʤʘ, çʇʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ (Test 

Management)è ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʦʧʝʨʘʮʽʾ: 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʇɿ ʘʙʦ ʩʠʩʪʝʤʫ ʚ ʜʦʢʫʤʝʥʪʘʮʽʾ (çʙʽʣʘ ʩʢʨʠʥʴʢʘè); 

ʪʝʩʪʦʚʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ ʙʝʟ ʟʥʘʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʠ (çʯʦʨʥʘ ʩʢʨʠʥʴʢʘè); ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʪʘʙʣʠʮʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʦʪʦʢʠ ʜʘʥʠʭ, ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʽ ʽʥ.; ʙʣʦʢ-ʩʭʝʤʠ ʧʦʙʫʜʦʚʠ 

ʧʨʦʛʨʘʤ ʽ ʥʘʙʦʨʠ ʪʝʩʪʽʚ ʜʣʷ ʧʦʢʨʠʪʪʷ ʩʠʩʪʝʤʠ ʮʠʤʠ ʪʝʩʪʘʤʠ ʪʘ ʽʥ. 

ʇʽʜʧʨʦʮʝʩ çɺʠʢʦʥʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷè - çɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚè 

ʚʠʢʦʥʫʻʪʴʩʷ ʮʠʢʣʽʯʥʦ ʜʦʢʠ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʩʪʘʥʝ ʤʽʥʽʤʘʣʴʥʠʤ.  ʇʨʠ ʮʴʦʤʫ, 

ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʦʧʝʨʘʮʽʶ çɺʠʢʦʥʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷè 

ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʛʦ ʮʠʢʣʫ, ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ çɸʥʘʣʽʟʫè. 

ʇʨʠ ʮʴʦʤʫ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʙʫʜʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʮʠʢʣʽ. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʻ 

ʢʨʠʪʝʨʽʡ ʜʦʩʪʘʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʝʨʽʚʥʠʢʘʤ ʧʨʦʝʢʪʽʚ 

ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʚʝʨʰʝʥʥʷ ʜʘʥʦʛʦ ʝʪʘʧʫ ʨʦʟʨʦʙʢʠ. 
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ʇʨʠʥʮʠʧʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʮʠʢʣʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʨʦʛʨʘʤʽ ʟʘ ʧʝʨʽʦʜ ʚʠʢʦʥʘʥʥʷ 

ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʪʝʩʪʫʚʘʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʽ ʚʠʧʨʘʚʣʷʶʪʴʩʷ ʧʦʤʠʣʢʠ, ʷʢʽ ʥʝ ʙʫʣʠ 

ʟʥʘʡʜʝʥʽ ʨʘʥʽʰʝ. ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ɯʊ ʢʦʤʧʘʥʽʡ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ 

ʥʦʩʷʪʴ ʬʦʨʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʟʘʪʨʘʪʠ ʥʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘʤʘʛʘʶʪʴʩʷ ʟʤʝʥʰʠʪʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ. ʅʝʦʙʭʽʜʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘʪʨʘʪʠ 

ʥʘ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʮʠʢʣʽʯʥʫ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ [81]. 

 

 

1.2 ʇʨʦʙʣʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

1.2.1 ɿʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ɺʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ ʪʠʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʩʢʣʘʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʽ ʦʧʝʨʘʮʽʡ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʘʣʛʦʨʠʪʤʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ [46]. ʇʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʻ ʢʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʙʫʜʴ-ʷʢʦʶ ʩʠʩʪʝʤʦʶ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʥʝ ʻ ʚʠʥʷʪʢʦʤ. ɺʽʜ ʷʢʦʩʪʽ 

ʨʽʰʝʥʴ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [84, 151]. ʎʝ ʡ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɿʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʧʝʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, 

ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʜ̔ʣʷʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʘʨʛʫʤʝʥʪʽʚ ʥʘ ʜʠʩʢʨʝʪʥʽ ʪʘ 

ʥʝʧʝʨʝʨʚʥʽ [31].  ʊʘʢʦʞ, ʟʘʟʚʠʯʘʡ, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʤʝʪʘ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ [ 32]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʠ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʤʦʞʫʪʴ ʧʦʜʽʣʷʪʠʩʷ 

ʥʘ: ʟʘʜʘʯʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ, ʨʦʟʧʦʜʽʣ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʣʘʩʘʤ ʨʽʰʝʥʴ ʪʘ 

ʚʠʜʽʣʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ [31]. ɿʘʜʘʯʘ ʚʠʜʽʣʝʥʥʷ ʥʘʡʢʨʘʱʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʻ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʦʶ ʥʘ ʧʨʘʢʪʠʮʽ ʽ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʧʨʠʡʥʷʪʪʽ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠʤ ʧʨʦʮʝʩʘʤʠ [ 32].   
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ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇ ʧʦʣʷʛʘʶʪʴ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘʧʨʠʢʽʥʮʽ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ, ʧʨʠʯʦʤʫ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʧʨʠʡʥʷʪʪʷ 

ʨ̔h ʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ [47]. ɿʦʢʨʝʤʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʘʣʫʞʝʥʠʭ 

ʜʝʨʝʚʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʈʎʊʇ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʙʘʛʘʪʦʢʨʘʪʥʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ.  

ʇʨʠ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʪʨʽʙʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʜʘʣʴʰʠʭ 

ʦʧʝʨʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ, ʷʢʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʚʽʨʦʛʽʜʥʽʩʪʴ. 

ʇʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ï ʟʥʘʯʠʪʴ ʦʙʨʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʚʘʨʽʘʥʪ ʜʽʡ ʟ ʙʝʟʣʽʯʽ ʚʘʨʽʘʥʪʽʚ, ʘ 

ʦʪʞʝ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʽ ʨʠʟʠʢ. ʇʽʜ ʨʠʟʠʢʦʤ ʨʦʟʫʤʽʻʤʦ ʩʝʨʝʜʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ 

ʨ̔h ʝʥʥʷ [77]. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʪʨʘʪʠ ʪʨʫʜʦʚʽ, ʯʘʩʫ, ʢʦʰʪʽʚ, ʩʠʨʦʚʠʥʠ ʽ ʪ.ʧ.  

ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [33]. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɸʉʋʊʇ) ʮʠʢʣʽʯʥʦʛʦ ʪʠʧʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʩʦʚʦʛʦ ʚʠʧʫʩʢʫ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʧʨʦʜʫʢʪʫ. ɿʘ ʧʝʚʥʠʡ 

ʮʠʢʣ ʪʝʭʥʦʣʦʛʯ̔ʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʯʘʪʢʦʚʘ ʬʦʨʤʘ ʧʨʦʜʫʢʪʫ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ ʢʽʥʮʝʚʫ 

ʘʙʦ ʧʨʦʤʽʞʥʫ, ʧʨʠʜʘʪʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ɺʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʢʦʥʪʨʦʣʝʤ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ [50].  

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʜʦʩʢʦʥʘʣʽʩʪʴ ʽ 

ʚʽʜʣʘʛʦʜʞʝʥ̔ ʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʩʦʙʦʤ ʧʽʜʚʠɦ ʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ [51].  

ʆʪʞʝ, ʦʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʻ 

ʟʤʝʥh ʝʥʥʷ ʚʪʨʘʪ (ʯʘʩʫ, ʢʦʰʪʽʚ, ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ) ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʥʝʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ 

ʥʘ ʝʪʘʧʽ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ ʯʠ ʮʠʢʣʽʯʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʪʘ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʊʦʤʫ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʛʨʫʧʠ ʜʠʩʢʨʝʪʥʠʭ (ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʮʽʣʝ ʯʠʩʣʦ) ʟʘʜʘʯ ʚʠʜʽʣʝʥʥʷ ʥʘʡʢʨʘʱʦʾ 
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ʘʣʴʪʝʨʥʘʪʠʚʠ (ʚʘʨʽʘʥʪʫ ʯʠ ʰʣʷʭʫ ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ) ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʙʦ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʫ. 

 

1.2.2 ʄʝʪʦʜʠ ʪʘ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʈʦʟʛʣʷʥʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʚʠʜʦʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

[21] ʚ ʪʘʙʣʠʮʽ 1.2. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1.2, ʚʠʙʽʨ ʤʝʪʦʜʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʷʤʠʤ ʯʠʥʦʤ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ. ʇʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ: 

ī ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ 

ʚʠʤʽʨʶʶʪʴʩʷ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʚʦʯʽʚ, ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʪʦʱʦ; ʚ 

ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʡʜʝʥʠʭ 

ʜʝʬʝʢʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʽʚ ʪʦʱʦ). 

ī ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ ʝʢʩʧʝʨʪ ʦʮʽʥʶʻ 

ʩʪʫʧʽʥʴ ʜʦʩʪʠʛʘʥʥʷ  ʦʚʦʯʽʚ, ʷʢʽʩʪʴ ʦʚʦʯʽʚ ʪʦʱʦ). 

ī ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʥʽʭ ʧʨʦʚʝʜʝʥʠʭ ʮʠʢʣʽʚ ʪʝʩʪʫʚʘʥʥʷ 

ʪʦʱʦ).  
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ʊʘʙʣʠʮʷ 1.2 ï ʄʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʚʠʜʦʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ  

 
ɻʨʫʧʘ ʤʝʪʦʜʽʚ ɺʭʽʜʥʽ ʜʘʥʽ ʄʝʪʦʜʠ 

 

ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʃʽʥʽʡʥʘ ʬʫʥʢʮʽʷ ʤʝʪʠ 

ʽ ʦʙʤʝʞʝʥʥʷ 

ʃʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʅʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

ʤʝʪʠ ʽ ʦʙʤʝʞʝʥʥʷ 

ʅʝʣʽʥʽʡʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ɻʨʘʬʦʚʽ ʩʠʩʪʝʤʠ  

 

ɼʠʩʢʨʝʪʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʉʪʘʪʠʩʪʠʯʥʽ ɿʥʘʯʝʥʥʷ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

ʊʝʦʨʽʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʨʽʰʝʥʴ 

ɹʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ, 

ʪʝʦʨʽʷ ʨʠʟʠʢʫ 

ʄʝʪʦʜʠ ʣʽʥʽʡʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʂʨʠʪʝʨʽʡ ʤʘʢʩʠʤʫʤʫ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ 

ʂʨʠʪʝʨʽʡ ʽʜʝʘʣʴʥʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʯʘ 

ʂʨʠʪʝʨʽʡ ʅʝʡʤʘʥʘ-

ʇʽʨʩʦʥʘ 

 

ɯʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʷʚʦʢ ʚ ʟʘʜʘʯʘʭ 

ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʄʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥ ʙʝʟ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʾʭ ʧʦʷʚʠ 

 

ʊʝʦʨʽʷ ʽʛʦʨ 

ɽʢʩʧʝʨʪʥʽ ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʈʘʥʞʫʚʘʥʥʷ 

ʊʝʦʨʽʷ ʦʯʽʢʫʚʘʥʦʾ ʢʦʨʠʩʥʦʩʪʽ 

 

ʅʝʯʽʪʢʽ ʮʽʣʽ 

ʅʝʯʽʪʢʽ ʦʙʤʝʞʝʥʥʷ 

 

ʇʨʠʥʮʠʧ ɹʝʣʤʘʥʘ-ɿʘʜʝ 

ʅʝʯʽʪʢʽ ʚʝʣʠʯʠʥʠ 

 

ʅʝʯʽʪʢʠʡ ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ 

ʂʦʤʙʽʥʦʚʘʥʽ ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʽ ʚʝʣʠʯʠʥʠ 

 

ʆʧʝʨʘʪʦʨʥʠʡ ʤʝʪʦʜ 

ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʽ ʚʝʣʠʯʠʥʠ 

 

ʇʨʠʥʮʠʧ ʫʟʘʛʘʣʴʥʝʥʥʷ ɿʘʜʝ 

ʉʪʦʭʘʩʪʠʯʥʽ ʪʘ ʥʝʯʽʪʢʽ 

ʚʝʣʠʯʠʥʠ 

 

ʊʝʦʨʽʷ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʬʫʥʢʮʽʡ 

 



25 

 

ʂʨʽʤ ʪʦʛʦ, ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʟʘʜʘʯ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

[166] ʚ ʪʘʙʣ. 1.3 ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʈʎʊʇ.  

 

ʊʘʙʣʠʮʷ 1.3 ï ʂʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ  

ʂʨʠʪʝʨʽʡ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʈʎʊʇ 

ʂʨʠʪʝʨʽʡ ʃʘʧʣʘʩʘ ʁʤʦʚʽʨʥʦʩʪʽ ʤʦʞʣʠʚʠʭ 

ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʥʝ ʚʽʜʦʤ.̔ 

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʤʦʞʣʠʚʽ 

ʩʪʘʥʠ ʤʘʶʪʴ ʨʽʚʥʽ 

ʡʤʦʚʽʨʥʦʩʪʽ 

 

ʅʝʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ ʦʜʥʘʢʦʚʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʰʣʷʭʽʚ ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ 

ʂʨʠʪʝʨʽʡ ɺʘʣʴʜʘ ʇʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʩʪʘʥʫ 

ʩʝʨʝʜ ʚʩʽʭ ʥʘʡʛʽʨʰʠʭ 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ  

 

ɺʠʙʽʨ ʰʣʷʭʫ ʩʝʨʝʜ ʥʘʡʛʽʨʰʠʭ ʰʣʷʭʽʚ 

ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʤʦʞʝ ʥʝʩʪʠ ʟʘ ʩʦʙʦʶ ʟʥʘʯʥʽ ʚʪʨʘʪʠ  

ʂʨʠʪʝʨʽʡ ʉʝʚʽʜʞʘ ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʯʝʥʦʾ 

ʚʠʛʦʜʠ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ 

ʧʦʤʠʣʢʦʚʦʛʦ ʨʽʰʝʥʥʷ 

 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʟʘʭʠʩʪʫ 

ʚʽʜ ʚʝʣʠʢʠʭ ʚʪʨʘʪ  

ʂʨʠʪʝʨʽʡ ɻʫʨʚʠʮʷ ɺʠʢʦʨʠʩʪʦʚʫʻ ʧʝʚʥʠʡ 

ʧʦʢʘʟʥʠʢ ʧʝʩʠʤʽʟʤʫ, ʷʢʠʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʠ, ʱʦ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

 

ʇʦʢʘʟʥʠʢ ʧʝʩʠʤʽʟʤʫ ʫʩʢʣʘʜʥʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʂʨʠʪʝʨʽʡ ɹʘʡʻʩʘ ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ 

ʫʤʦʚʠ, ʢʦʣʠ ʚʽʜʦʤʠʠȋ 
ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʠȋ 
ʥʘʩʪʘʥʥʷ ʩʪʘʥʽʚ ʦʧʝʨʘʮʽʾ 

 

ʄʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʢʦʣʠ 

ʚʽʜʦʤʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʂʨʠʪʝʨʽʡ ʤʽʥʽʤʫʤʫ 

ʩʝʨʝʜʥʴʦʛʦ ʨʠʟʠʢʫ 

ʇʦʭʽʜʥʠʡ ʢʨʠʪʝʨʽʶ ɹʘʡʻʩʘ 

 

ʄʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʢʦʣʠ 

ʚʽʜʦʤʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

ʂʨʠʪʝʨʽʡ ʍʦʜʞʝʩʘ-

ʃʝʤʘʥʘ 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʘ 

ʧʝʩʠʤʽʟʤʫ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ɻʫʨʚʠʮʷ 

ʇʦʢʘʟʥʠʢ ʧʝʩʠʤʽʟʤʫ ʫʩʢʣʘʜʥʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 
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ʇʨʠʡʤʝʤʦ, ʱʦ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ, ʨʷʜʢʠ ʷʢʦ ʾ

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʞʣʠʚʠʤ ʰʣʷʭʘʤ (ʥʘʙʦʨʘʤ ʦʧʝʨʘʮʽʡ), ʧʦ ʷʢʠʤ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘ ʩʪʦʚʧʮʽ ï ʩʪʘʥʘʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ [166]. ʂʦʞʥʦʤʫ 

ʰʣʷʭʫ ʪʘ ʢʦʞʥʦʤʫ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪ (ʥʘʩʣʽʜʦʢ), ʷʢʠ ̊ʚʠʟʥʘʯʘʻ 

ʚʠʛʨʘʰ (ʘʙʦ ʚʪʨʘʪʠ) ʧʨʠ ʚʠʙʦʨʽ ʜʘʥʦʛʦ ʰʣʷʭʫ ʡ ʨʝʘʣʽʟʘʮʽ ʾʜʘʥʦʛʦ ʩʪʘʥʫ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʚʠʙʨʘʪʠ ʪʝ ʯʠ ʽʥʰʝ ʧʨʘʚʠʣʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ 

ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ [165]. 

ɿ ʪʘʙʣ. 1.3 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʘʤʠ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ɹʘʡʻʩʘ ʪʘ ʧʦʭʽʜʥʠʭ ʡʦʤʫ ʢʨʠʪʝʨʽʾʚ.  

ʅʘʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ 

ʪʠʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʘʨʘʢʪʝʨʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ: 

1. ɹʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

2. ʅʝʙʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

3. ʄʝʪʦʜ ʘʢʩʽʦʤ ʦʯʽʢʫʚʘʥʦʾ ʢʦʨʠʩʥʦʩʪʽ. 

4. ʊʝʦʨʽʷ ʽʛʦʨ. 

ɹʘʡ̒ʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʚ ʷʢʠʭ ʚʽʜʦʤʽ ʽʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ, ʪʘ ʚʽʜʦʤʽ ʚʪʨʘʪʠ ʚʽʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥ̫. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʽ ʧʨʠ ʮʴʦʤʫ 

ʨʦʟʨʘʭʫʚʘʪʠ ʫʩʝʨʝʜʥʝʥʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ (ʚʽʜʦʤʽ ʘʙʦ ʛʨʦʰʦʚʽ ʚʠʪʨʘʪʠ ʘʙʦ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʨʦʜʦʚʞʝʥʥʷ 

ʪʝʩʪʫʚʘʥʥʷ).   

ʆʪʞʝ, ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ɹʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ },1,{ mjp j = ,  ʥʘʩʪʘʥʥʷ 

ʩʪʘʥʽʚ },1,{ mjSj = ʦʧʝʨʘʮʽ,ʾ ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʪʘʢʠʤ ʨʦʟʧʦʜʽʣʦʤ:  

Sj S1 S2 é Sm 

pj p1 p2 é pm 

 

ʗʢ ʚʽʜʦʤʦ, ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʄ(Rj) ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ Ri, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʝʨʝʜʥʽʡ ʦʯʽʢʫʚʘʥʠʡ ʨʠʟʠʢ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ä
=

=
n

j
jiji prRM

1

)( . 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʰʣʷʭʫ ʈʎʊʇ ɸi (i-ʛʦ ʚʘʨʽʘʥʪʘ ʰʣʷʭʫ) ʩʣʽʜ 

ʨʦʟʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʦʯʽʢʫʚʘʥʠʡ ʨʠʟʠʢ (ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ) ,̔ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʠʪʝʨʽʶ ɹʘʡʻʩʘ, ʩʣʽʜ ʚʠʙʠʨʘʪʠ ʚʘʨʽʘʥʪ (ʰʣʷʭ ɸi ), ʜʣʷ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ: 

ä
=

=
n

j
jiji prRM

1

min)(min . 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʧʨʘʚʠʣʦ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠʡʤʘ̒ ʪʴʩʷ ʪʘ ʛʽʧʦʪʝʟʘ, ʧʨʠ ʷʢʽʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ ʨʠʟʠʢ [166].  

 

1.2.3 ʋʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ɹʫʜʴ-ʷʢʠʡ ʊʇ ʧʨʦʪʽʢʘʻ ʚ ʯʘʩʽ ʽ, ʷʢ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ, ʤʘʻ ʜʚʘ ʚʠʜʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʜʽʾ. ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʩʠʨʦʚʠʥʠ, ʱʦ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ, ʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ. ʉʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 
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ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ, ʙʽʣʴʰʠʤʠ ʘʙʦ ʤʝʥʰʠʤʠ ʜʝʷʢʠʭ ʟʘʜʘʥʠʭ 

ʟʥʘʯʝʥʴ, ʫʪʚʦʨʶʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ [77].  

ʇʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʪʘʧʠ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.7. ɹʣʦʢ 1 

ʚʽʜʧʦʚʽʜʘʻ ʝʪʘʧʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʦʙôʻʢʪʘ, 2 ï ʝʪʘʧʫ ʚʠʨʦʙʣʝʥʥʷ 

ʨ̔h ʝʥʴ, 3 ï ʝʪʘʧʫ ʚʠʜʘʯʽ ʢʝʨʫʶʯʠʭ ʨʽʰʝʥʴ, 5 ʚʽʜʧʦʚʽʜʘʻ ʢʝʨʦʚʘʥʦʤʫ ʦʙôʻʢʪʫ, ʙʣʦʢ 

4 ï ʟʘʜʘʥʦʤʫ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʇʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇ  

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʙôʻʢʪ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʫʶʪʴʩʷ, 

ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʱʦ 

ʧʦʣʷʛʘʻ ʫ ʚʠʨʦʙʣʝʥʥʽ ʨʽʰʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʨʠʪʝʨʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʢʘʣʴʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚôʷʟʘʥʽ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʽ, ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʦʟʚʠʪʢʫ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɼʣʷ 

ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʥʘʷʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʚʧʣʠʚʽʚ ʥʘ ʩʠʩʪʝʤʫ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʫʤʦʚ ʽ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ [78].  

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʈʎʊʇ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ 

ʥʝʦʙʭʽʜʥʦ ʾʭ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʜʫ, ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʤʫ ʜʣʷ 

ʦʙôʻʢʪʽʚ ʚ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʎʊʇ ʦʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʚ ʷʢʦʤʫ ʦʢʨʝʤʽ ʦʧʝʨʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʷʢ ʦʢʨʝʤʽ ʢʨʦʢʠ ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ, 
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ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʢʝʨʫʚʘʥʴ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ï ʚʠʭʽʜʥʠʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʣʠʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʨʦʚʠʥʠ ʪʘ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ï ʟʙʫʨʝʥʥʷʤʠ [76].  

 

1.2.4 ʄʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʜʦʩʠʪʴ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʦʙʯʠʩʣʶʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʪʝʦʨʽʷ ʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ ʚʝʣʠʢʫ ʽ ʨʦʟʛʘʣʫʞʝʥʫ ʯʘʩʪʠʥʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʥʘʫʢʠ, ʷʢʘ ʦʪʨʠʤʘʣʘ 

ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ [71]. 

ɿʘ ʟʘʛʘʣʴʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʻ ʩʧʝʮʽʘʣʴʥʠʤ ʚʠʜʦʤ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʪʝ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʽʥʰʠʭ 

ʚʠʜʽʚ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʚʦʤʘ ʦʙʩʪʘʚʠʥʘʤʠ: ʧʦ-

ʧʝʨʰʝ, ʜʣʷ ʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʤʽʩʪʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʽ ʧʦ-ʜʨʫʛʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʦʚʩʴʢʠʭ 

ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʪʦʯʥʦ ʘʙʦ ʥʘʙʣʠʞʝʥʦ ʧʦʚʝʜʽʥʢʫ ʨʷʜʫ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʧʨʠʩʪʨʦʾʚ [72]. 

ʄʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ï ʮʝ ʜʝʷʢʠʡ ʚʠʜ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʠ ʷʢʦʤʫ ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t ʡʤʦʚʽʨʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʾʾ ʩʪʘʥʫ ʚ ʪʝʧʝʨʽʰʥʴʦʤʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢ ʩʠʩʪʝʤʘ 

ʧʝʨʝʡʰʣʘ ʚ ʮʝʡ ʩʪʘʥ (ʪʦʙʪʦ ʚʽʜ ʾʾ ʩʪʘʥʽʚ ʚ ʤʠʥʫʣʦʤʫ) [72]. 

ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʚʠʧʘʜʢʦʚʠʭ 

ʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ [72]: 

1. ʄʘʨʢʦʚʩʴʢʽ ʣʘʥʮʶʛʠ. 

2. ʄʘʨʢʦʚʩʴʢʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

3. ʄʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʟ ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ ʩʪʘʥʽʚ. 

4. ʄʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʩʪʘʥʽʚ. 

5. ɼʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʽ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ. 
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6. ɿʤʽʰʘʥʽ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʟ ʜʠʩʢʨʝʪʥʠʤ ʪʘ ʥʝʧʝʨʝʨʚʥʠʤ 

ʯʘʩʦʤ. 

 

ʄʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ 

ʄʦʜʝʣʴ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʫ ʥʘ ʨʠʩ. 1.8, ʜʝ 

ʩʪʘʥʠ (ʚʝʨʰʠʥʠ) ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʚôʷʟʢʘʤʠ (ʧʝʨʝʭʽʜ ʟ -̔ʛʦ ʩʪʘʥʫ ʚ j-ʪʠʡ ʩʪʘʥ). 

i

j

pij

 
ʈʠʩʫʥʦʢ 1.8 ï ʇʨʠʢʣʘʜ ʛʨʘʬʘ ʧʝʨʝʭʦʜʽʚ 

 

ʂʦʞʝʥ ʧʝʨʝʭʽʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʧʝʨʝʭʦʜʫ Pij. ʁʤʦʚʽʨʥʽʩʪʴ Pij 

ʧʦʢʘʟʫʻ, ʷʢ ʯʘʩʪʦ ʧʽʩʣʷ ʧʦʧʘʜʘʥʥʷ ʚ i-ʡ ʩʪʘʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʪʽʤ ʧʝʨʝʭʽʜ ʚ j-ʡ ʩʪʘʥ. 

ʊʘʢʽ ʧʝʨʝʭʦʜʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, ʘʣʝ ʷʢʱʦ ʚʠʤʽʨʷʪʠ ʯʘʩʪʦʪʫ ʧʝʨʝʭʦʜʽʚ ʟʘ 

ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʯʘʩ, ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʮʷ ʯʘʩʪʦʪʘ ʙʫʜʝ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʟʘʜʘʥʦʶ 

ʚʽʨʦʛʽʜʥʽʩʪʶ ʧʝʨʝʭʦʜʫ [154]. 

ʋ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʩʫʤʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʩʽʭ ʧʝʨʝʭʦʜʽʚ (ʚʠʭʽʜʥʠʭ ʩʪʨʽʣʦʢ) ʟ ʥʴʦʛʦ 

ʚ ʽʥʰʽ ʩʪʘʥʠ ʧʦʚʠʥʥʘ ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʚʘʪʠ 1 (ʨʠʩ. 1.9): 

 

i
pi1

pi2

pi3

pi1 + pi2 + pi3 = 1
 

 

ʈʠʩʫʥʦʢ 1.9 ï ʇʨʠʢʣʘʜ ʛʨʘʬʘ ʧʝʨʝʭʦʜʽʚ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʽ 
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ʄʘʨʢʦʚʩʴʢʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʟ ʜʠcʢʨʝʪʥʠʤʠ ʩʪʘʥʘʤʠ ʽ ʜʠʩʢʨʝʪʥʠʤ 

ʯʘʩʦʤ ʥʘʟʠʚʘʶʪʴ ʜʠʩʢʨʝʪʥʠʤ ʤʘʨʢʦʚʩʴʢʠʤ ʣʘʥʮʶʛʦʤ ʢ̫ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʪʦ ʤʘʨʢʦʚʩʴʢʠʡ ʣʘʥʮʶʛ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʨʽʜʥʠʤ [154, 73]. 

ɼʣʷ ʧʦʚʥʦʛʦ ʦʧʠʩʫ ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ ʩʣʫʞʠʪʴ ʤʘʪʨʠʮʷ 

ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ: 
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     (1.1) 

 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʢʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, ʜʝ ʛʨʘʬ ʧʝʨʝʭʦʜʽʚ 

ʟʦʙʨʘʞʫʻ ʧʝʨʝʭʦʜʠ ʤʽʞ ʦʧʝʨʘʮʽʷ, ʚʘʛʠ ʜʫʛ ï ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ 

ʦʧʝʨʘʮʽʤ̫ʠ.  

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ 

ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. ʊʦʜʽ ʜʣʷ ʦʧʠʩʫ ʛʨʘʬʘ ʧʝʨʝʭʦʜʫ ʤʽʞ ʦʧʝʨʘʮʽʷ 

ʙʫʜʝʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʨʠʮʶ ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ (1.1). 

 

ʄʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʝʥ ʧʝʨʝʭʽʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʭʦʜʫ ɚij (ʨʠʩ. 1.10).  

 

S0

S1

S3S2

ɚ02

ɚ21
ɚ13

ɚ30

ɚ10 ɚ01

 

ʈʠʩʫʥʦʢ 1.10 ï ʇʨʠʢʣʘʜ ʛʨʘʬʘ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ 
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ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ: 

t
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l       (1.2) 

 

ʇʨʠ ʮʴʦʤʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʫʤʽʶʪʴ ʷʢ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ ʚ ʯʘʩʽ. 

ʇʝʨʝʭʽʜ ʟ i-ʛʦ ʩʪʘʥʫ ʚ j-ʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʝʨʝʭʦʜʫ ɚij[154]. ʇʝʨʝʭʦʜʠ ʩʠʩʪʝʤʠ S ʽʟ ʩʪʘʥʫ Si ʚ 

ʩʪʘʥ Sj ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʷʢʦʛʦ ʧʦʪʦʢʫ ʧʦʜʽʡ. ʊʝʦʨʽʶ ʤʘʨʢʦʚʩʴʢʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ ʚʠʚʯʘʶʪʴ ʚ ʧʨʠʧʫʱʝʥʽ, ʱʦ ʧʝʨʝʭʦʜʠ ʟʽ ʩʪʘʥʫ ʚ ʩʪʘʥ 

ʫ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʫʘʩʩʦʥʽʚʩʴʢʠʭ ʧʦʪʦʢʽʚ ʧʦʜʽʡ.  

ʄʘʢʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ ʚʘʞʢʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʈʎʊʇ, 

ʦʩʢʽʣʴʢʠ ʧʫʘʩʦʥʽʚʩʴʢʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ 

ʧʝʨʝʭʦʜʫ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ, ʩʪʘʥ ʧʨʦʮʝʩʫ (ʦʧʝʨʘʮʽʾ) ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ.  

ʐʠʨʦʢʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʨʢʦʚʩʴʢʽ ʧʨʦʮʝʩʠ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʩʪʘʥʘʤʠ [153]. 

ʅʘ ʨʠʩ. 1.11 ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ Si . 

 

Si Si Si Si

ʘ) ʙ) ʚ) ʛ)
 

ʈʠʩʫʥʦʢ 1.11 ï ʆʩʥʦʚʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ: 

ʘ ï ʜʞʝʨʝʣʦ; ʙ ï ʟʘʪʨʠʤʢʘ; ʚ ï ʢʽʥʮʝʚʠʡ ʘʙʦ ʧʦʛʣʠʥʘʶʯʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ; ʛ ï 

ʪʨʘʥʟʠʪʠʚʥʠʡ ʩʪʘʥ 

 

ʇʨʠ ʮʴʦʤʫ, ʱʦ ʚ ʢʦʞʥʠʡ ʬʽʢʩʦʚʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ 

ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʟʽ ʩʚʦʾʭ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ. ʊʘʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʪʘʤʘʥʥʘ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʘʤ.  

ʄʘʨʢʦʚʩʴʢʠʡ ʣʘʥʮʶʛ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ, ʷʢʱʦ ʧʝʨʝʭʽʜʥʽ 

ʡʤʦʚʽʨʥʦʩʪʽ (ʭʦʯʘ ʙ ʦʜʥʘ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʦʤʝʨʘ ʢʨʦʢʫ k. 
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ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ()kpij . ʊʦʜʽ ʽ 

ʤʘʪʨʠʮ̫ ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ k: 
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ʪʦʙʪʦ ʤʘʪʨʠʮʷ ʧʨʠ ʢʦʞʥʦʤʫ 2,2,1=k  ʻ ʩʪʦʭʘʩʪʠʯʥʦʶ. 

ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ ʚʝʢʪʦʨ-ʨʷʜʦʢ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʩʪʘʥʽʚ:  

 

          () ()( ) ( ) ( )( ) () 222 ,2,1,*1,,1,, 11 =--= kkPkpkpkpkp nn               (1.4) 

 

ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ ʤʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

 

          () ()( ) () ()( ) () () ()( )2222 ,2,1,**2*1*0,,0,, 11 == kkPPPppkpkp nn .        (1.5) 

 

ʋ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ ʧʝʨʝʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ()kpij  (ʭʦʯʘ ʙ 

ʦʜʥʘ ʟ ʥʠʭ) ʽ ʤʘʪʨʠʮʷ ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ()kP  ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʦʤʝʨʘ k. 

ʈʎʊʇ ʻ ʧʨʦʮʝʩʦʤ ʟʤʽʥʠ ʩʪʘʥʫ ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. ʍʽʜ ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʠʤʠ ʟʘʩʦʙʘʤʠ ʽ ʷʢ ʮʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʦʪʨʠʤʘʥʽ. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʈʎʊʇ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʠʡ ʤʘʨʢʦʚʩʴʢʦʶ ʤʦʜʝʣʣʶ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʯʘʩʦʤ ʪʘ ʜʠʩʢʨʝʪʥʠʤʠ ʩʪʘʥʘʤʠ. 

ʅʝʭʘʡ ʢʦʞʥʘ ʦʧʝʨʘʮʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʦʜʥʦʤʫ ʽʟ ʩʪʘʥʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ ʩʪʘʥʽʚ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ iS . ʄʥʦʞʠʥʘ ʩʪʘʥʽʚ ʜʣʷ 

ʦʧʝʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʩʪʘʥ ʩʠʩʪʝʤʠ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʽʩʪʦʨʽʾ, ʪʦ 
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ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʥʽʚ ʻ ʤʘʨʢʦʚʩʴʢʠʤ ʣʘʥʮʶʛʦʤ [74]. ʆʪʞʝ, ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʈʎʊʇ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʠʡ ʤʘʨʢʦʚʩʴʢʠʡ ʣʘʥʮʶʛ. 

 

 

1.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ 

 

ʇʨʦʙʣʝʤʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨ̔h ʝʥʴ, ʧʨʠ ʷʢʠʭ ʥʘ ʧʦʪʦʯʥʝ ʨʽʰʝʥʥʷ ʚʧʣʠʚʘʻ ʧʦʧʝʨʝʜʥʻ. ʅʘʧʨʠʢʣʘʜ, ʛʨʘ ʚ ʰʘʭʠ ï 

ʛʨʘ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʩʢʣʘʜʥʽ, ñʩʪʫʧʽʥʯʘʪʽò ʨʽʰʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. ʎʝ ʟʨʫʯʥʠʡ ʤʝʪʦʜ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʧʦʩʣʽʜʦʚʥʠʭ ʨʽʰʝʥʥʷ, ʜʝ ʨʝʟʫʣʴʪʘʪʠ ʦʜʥʦʛʦ ʨʽʰʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʜʘʣʴʰʽ ʨʽʰʝʥʥʷ [57]. ʇʨʦʪʝ, ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʮʠʢʣʽʯʥʦʩʪʽ 

ʨ̔h ʝʥʴ, ʱʦ ʚʣʘʩʪʠʚʝ ʜʣʷ ʈʎʊʇ.   

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʥʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʨʠʟʠʢ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʭʠʙʥʦʛʦ ʨʽʰʝʥʥʷ. ɸʥʘʣʽʟ ʨʠʟʠʢʫ ʧʦʣʷʛʘʻ ʚ ʦʜʝʨʞʘʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ 

ʦʧʝʨʘʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʽ ʨʦʟʨʦʙʮʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʤʦʞʣʠʚʠʭ 

ʚʪʨʘʪ (ʬʽʥʘʥʩʦʚʠʭ, ʪʨʫʜʦʚʠʭ, ʯʘʩʫ ʪʦʱʦ). ʄʠ ʧʦʚʠʥʥʽ ʧʨʠʡʥʷʪʠ ʪʘʢʝ ʨʽʰʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʚʪʨʘʪʠ ʙʫʣʠ ʙ ʥʘʡʤʝʥʰʠʤʠ [2]. ʈʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʘʜʽʡ ʪʘ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʩʪʘʜʽʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʈʎʊʇ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʽ ʥʘʩʪʫʧʥʽ 

ʨʽʰʝʥʥʷ ʽ ʧʽʜʧʨʦʮʝʩʠ. ɺʠʪʨʘʪʠ ʥʘ ʦʢʨʝʤʠʡ ʧʽʜʧʨʦʮʝʩ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽ 

ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ.  

 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʘʧʨʷʤʦʢ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʠʤʦʩʴ ʥʘ ʤʝʪʦʜʘʭ 

ʤʦʜʝʣʚʁʘʥʥʷ ʈʎʊʇ ʷʢ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ.  
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ɺ [58] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʦʯʢʠ ʚ ʘʣʛʦʨʠʪʤʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʘʥʘ ʟʘʜʘʯʘ ʟ ʦʙʤʝʞʝʥʥʷʤʠ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʟʘʜʘʯ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʰʪʨʘʬʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʘ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ ʧʽʩʣʷ ʢʦʞʥʦʾ ʧʽʜʟʘʜʘʯʽ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘʢ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʞʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʦʯʦʢ  ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʊʨʫʜʥʦʱʽ ʧʨʘʢʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʈʎʊʇ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʷʢ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʟʚôʷʟʢʫ ʫ 

ʟʘʜʘʥʽʡ ʤʥʦʞʠʥʽ ʜʦʧʫʩʪʠʤʠʭ ʢʝʨʫʚʘʥʴ ʪʘʢ ʽ ʟ ʥʝʧʦʚʥʦʪʦʶ ʜʘʥʠʭ ʪʘ ʥʘʜʤʽʨʥʦʶ 

ʩʢʣʘʜʥʽʩʪʶ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʽʜʩʠʩʪʝʤ. 

ʋ ʨʦʙʦʪʽ [47]  ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫ ʮʠʢʣʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʫʤʦʞʣʠʚʠʣʦ ʘʜʘʧʪʘʮʽʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʜʦ ʟʤʽʥ ʨʠʪʤʫ (ʪʝʤʧʫ) ʾʭ ʢʦʣʠʚʘʥʥʷ. ʆʜʥʘʢ ʜʘʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʤʘʻ ʟʘʩʦʙʽʚ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʣʴʥʦʩʪʽ ʨʠʪʤʫ 

ʜʝʢʽʣʴʢʦʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʮʠʢʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʣʘʩʪʠʚʝ ʈʎʊʇ, ʱʦ ʨʦʙʠʪʴ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʩʫʤʽʩʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫ. 

ʋ ʨʦʙʦʪʽ [49] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʟ 

ʤʝʨʝʞʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʡ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʣʘʥʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʚʽʪʴ ʝʬʝʢʪʠʚʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʘ ʦʜʥʠʤ ʩʢʘʣʷʨʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʣʠʰʝ 

ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʷʢ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʽʟ ʧʦʛʘʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʦʶ ʛʣʦʙʘʣʴʥʦʶ ʤʝʪʦʶ. ʇʨʦʪʝ, ʮʠʢʣʽʯʥʝ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʫʩʢʣʘʜʥʶʻ ʟʘʜʘʯʫ ʪʘ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʽʻʨʘʨʭʽʯʥʠʭ 

ʤʦʜʝʣʝʡ. 

ʋ [59] ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʙʦʨʫ ʪʠʧʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʽ ʤʝʪʦʜʫ ʚʽʜʥʦʩʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʆʜʥʘʢ, ʷʢ 

ʚʽʜʦʤʦ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʄʅʂ ʻ ʯʫʪʣʠʚʽʩʪʴ ʦʮʽʥʦʢ ʜʦ ʨʽʟʢʠʭ ʚʠʢʠʜʽʚ, ʷʢʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʈʎʊʇ (ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ). 
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ʋ [60] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʨʽʜʢʦ ʚʦʣʦʜʽʶʪʴ ʥʝʦʙʭʽʜʥʦʶ ʧʦʚʥʦʶ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʦʙôʻʢʪ ʽ ʥʘʚʢʦʣʠʰʥʻ ʡʦʛʦ ʩʝʨʝʜʦʚʠʱʝ. ʅʘʚʽʪʴ ʷʢʱʦ ʚʽʜʦʤʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ, ʪʦ ʯʘʩʪʦ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʚʝʣʠʯʠʥʫ 

ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʽ ʜʦ ʪʦʛʦ ʞ ʥʝʨʽʜʢʦ ʥʘʷʚʥʽ ʤʦʜʝʣʽ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʽ ʽ ʘʜʘʧʪʘʮʽʷ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʩʪʘʻ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʦʶ ʽ ʪʨʠʚʘʣʦʶ. ʅʘʜʘʣʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ 

ʧʨʠʡʥʷʪʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʜʝʣʴ ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ ʚʽʜʦʙʨʘʞʘʻ ʦʙôʻʢʪ, ʯʝʨʝʟ ʱʦ 

ʚʠʥʠʢʘʻ ʧʦʤʠʣʢʘ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʤʦʜʝʣʽ. ʇʦʙʫʜʦʚʘ ʟʤʽʩʪʦʚʥʦʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʥʦʛʦ ʦʙôʻʢʪʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘ, ʽ ʜʝʢʦʣʠ ʥʝʤʦʞʣʠʚʘ, ʪʦʤʫ 

ʱʦ ʥʝʚʽʜʦʤʠʡ ʧʦʨʷʜʦʢ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ. ʊʦʤʫ 

ʙʘʞʘʥʦ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʽʥʰʠʭ ʢʣʘʩʽʚ. 

 ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʅʉ). ʅʉ 

ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʥʘʣʦʛʦʤ ʙʽʦʣʦʛʽʯʥʠʭ ʥʝʡʨʦʥʽʚ ʤʦʟʢʫ. ʅʉ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʧʨʷʤʦʚʘʥʠʡ ʛʨʘʬ ʟʽ ʟʚʘʞʝʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʚ ʷʢʦʤʫ ʰʪʫʯʥʽ ʥʝʡʨʦʥʠ ʻ ʚʫʟʣʘʤʠ. ʎʽ 

ʤʦʜʝʣʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʙʫʜʦʚʦʶ ʦʢʨʝʤʠʭ ʥʝʡʨʦʥʽʚ, ʧʦ ʪʦʧʦʣʦʛʽʾ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʥʠʤʠ ʽ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ ʥʘʚʯʘʥʥʷ. 

 ɯʩʥʫʶʪʴ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʦʧʦʣʦʛʽʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʦʩʥʦʚʽ 

ʮʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʣʝʞʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʜʣʷ ʪʝʦʨʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʝʦʨʝʤʘ 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʽ ɺ.ɯ. ɸʨʥʦʣʴʜʘ ʧʨʦ ʧʦʜʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ 

ʟʤʽʥʥʠʭ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʽ ʜʦʜʘʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʾʭʥʷ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ. ʄʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʪʝ, 

ʱʦ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʻ "ʯʦʨʥʠʡ ʷʱʠʢ", ʷʢʠʡ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʧʨʘʮʶʻ, ʘʣʝ ʣʦʛʽʢʘ 

ʧʨʠʡʥʷʪʪʷ ʨʦʟʚ'ʷʟʢʽʚ ʥʝʡʨʦʤʝʨʝʞʝʶ ʟʦʚʩʽʤ ʩʭʦʚʘʥʘ ʚʽʜ ʝʢʩʧʝʨʪʘ.  

ʋ ʨʦʙʦʪʽ [61] ʦʧʠʩʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ 

ʪʝʭʥʦʣʦʛiʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʧʨʠʡʥ̫ ʪʪʷ ʨiʰʝʥʴ. ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛiʶ ʫʧʨʘʚʣiʥʥʷ ʥʘʜiʡʥʽʩʪʶ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʨʦʙʥʠʯʦɥ ʩʠʩʪʝʤʠ i ʢʦʥʪʨʦʣʶ ʚʠʭʦʜʫ iʥʜʠʢʘʪʦʨiʚ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʫʩʪʠʤi ʤʝʞʽ 

ʟʤiʥ. 
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ʋ ʨʦʙʦʪʽ [62] ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʡʤʦʚʽʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ (ʊʇʅɺ). 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʊʇʅɺ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʽ ʤʝʪʦʜʠʢʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʾʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. 

ʆʧʠʩʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʉɸɯʄ) 

ʘʛʨʝʛʘʪʥʦʛʦ ʪʠʧʫ. 

ʋ [52] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʇʦʜʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʥʘʚʝʜʝʥʦ ʢʨʠʪʝʨʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʨʠʟʠʢ ʧʨʦʚʝʜʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʰʣʷʭʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʪʝ ʚ ʨʦʙʦʪʽ ʥʝ ʚʠʩʚʽʪʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʜʦ ʮʠʢʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʪʞʝ, ʫ ʚʠʱʝ ʧʦʜʘʥʠʭ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʪʝ, ʞʦʜʥʠʡ ʟ ʤʝʪʦʜʽʚ ʥʝ 

ʚʨʘʭʦʚʫʻ ʢʦʤʧʣʝʢʩʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʢʠʜʦʤ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʢʦʞʥʽʡ ʦʧʝʨʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʶ, ʥʝʜʦʩʪʦʚʽʨʥʽʩʪʶ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

ʧʝʨʩʦʥʘʣʫ ʪʦɦ ʦ. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʈʎʊʇ ʧʦʢʘʟʘʚ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʥʘ ʰʣʷʭʫ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ 

ʪʘ ʤʝʪʦʜʠ  ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ  ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʥʝ ʜʘʶʪʴ ʪʦʯʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʨʦʟʚʠʪʢʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʈʦʟʨʦʙʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʮʝʩʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʅʘ ʨʠʟʠʢ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚʘʶʪʴ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʮʽʡ, ʾʭ ʚʽʜʭʠʣʝʥʥʷ, ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʭʦʜʫ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ ʪʘ ʧʝʚʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʽʜ ʯʘʩ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ. ʈʠʟʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʥʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʧʘʨʘʤʝʪʨʘ ʥʘ ʟʘʜʘʥʦʤʫ 
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ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʨʽʚʥʽ, ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʻ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ.  

 

 

1.4 ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ  

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʟʥʽ ʦʧʝʨʘʮʽʾ ʧʦ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ [88]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢ ʟʚʘʥʽ ERP (ʦʨʛʘʥʽʟʘʮʽʡʥʘ 

ʩʪʨʘʪʝʛʽʷ ʽʥʪʝʛʨʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʦʧʝʨʘʮʽʡ, ʫʧʨʘʚʣʽʥʥʷ ʪʨʫʜʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʬʽʥʘʥʩʦʚʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʢʪʠʚʘʤʠ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʙʝʟʧʝʨʝʨʚʥʝ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʜʘʥʠʭ ʽ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʩʽʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ) ʪʘ MES 

(ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʩʠʥʭʨʦʥʟ̔ʘʮʽʾ, ʢʦʦʨʜʠʥʘʮʽʾ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʚ 

ʨʘʤʢʘʭ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʚʠʨʦʙʥʠʮʪʚʘ) ʩʠʩʪʝʤʠ [89]. 

ERP ʪʘ MES ʩʠʩʪʝʤʘʤ ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ 

ʜʦʩʣʜ̔ʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɿʦʢʨʝʤʘ, ʚ [95, 97] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʩʠʩʪʝʤʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʣʘʥʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. ɺ [98, 99, 105, 135] ʧʦʜʘʥʦ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʽ ʙʣʦʢʽʚ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ERP ʩʠʩʪʝʤʘʤʠ. ɺ [100] ʘʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ 

ʧʨʦʘʥʘʣʟ̔ʦʚʘʥʽ ʬʘʢʪʦʨʠ ʧʣʘʥʫʚʘʥʥʷ ʚ ERP ʩʠʩʪʝʤʽ, ʷʢʽ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʘʢʪʠʚʘʤʠ ʚ ʢʦʤʧʘʥʽʷʭ ʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ.  

MES ʩʠʩʪʝʤʠ ʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʨʦʙʽʪ [106-115]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ [106, 107] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ MES 

ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʜʦʜʘʪʢʽʚ. ɸʢʮʝʥʪʦʤ ʻ ʪʝ, ʱʦ ʉʠʩʪʝʤʘ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ (MES) 
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ʻ ʥʝ ʪʽʣʴʢʠ ʤʦʩʪʦʤ, ʷʢʠʡ ʟ'ʻʜʥʫʻ ERP ʟ ʇʂ, ʘʣʝ ʡ ʢʣʶʯʝʤ ʽʥʪʝʛʨʘʪʠʚʥʦʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢʽ ʟʘʩʥʦʚʫʶʪʴʩʷ ʥʘ ERP, MES, ʪʦʱʦ.  

ɼʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ [101-104].  

ʉʝʨʝʜ ʫʢʨʘʾʥʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʚʢʣʘʜ ʇʘʚʣʦʚʘ ʆʣʝʢʩʘʥʜʨʘ 

ɸʥʘʪʦʣʽʡʦʚʠʯʘ, ʷʢʠʡ ʻ ʬʘʭʽʚʮʝʤ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʦʚʠʭ ʽʥʪʝʨʝʩʽʚ, ʷʢ 

ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ  ɸʉʋ, ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʜʨʽʙʥʦʩʝʨʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʫʤʦʚʘʭ ʨʠʥʢʫ. ɸʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʘ ʽ 

ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʚ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʽʥʰʠʭ ʧʨʠʢʣʘʜʥʠʭ ʦʙʣʘʩʪʷʭ, 

ʟʦʢʨʝʤʘ: ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ çʥʘ ʟʘʤʦʚʣʝʥʥʷè, ʧʣʘʥʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʮʝʭʫ, ʫʟʛʦʜʞʝʥʝ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʧʘʨʪʽʡ, 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʧʨʦʝʢʪʘʤʠ [118-124]. 

ʊʘʢʦʞ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʨʦʙʦʪʠ ʨʦʩʽʡʩʴʢʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʚʯʝʥʠʭ, ʪʘʢʠʭ ʷʢ: ɻʦʨʙʘʪʦʚʘ ɺ. ɸ. [125, 133], ʂʠʞʘʚ̒ʘ ʉ. ɸ. [126], Pʝ ̫ʋ. [127], 

ʑʘʛʠʥʘ ɸ. ɺ. [128], ʇʝʪʨʦʚʘ ʖ. ʇ. [129], ʂʘʥʛʠʥʘ ɺ. ɺ. [130], ʐʘʧʢʘʨʠʥʘ ɻ. ɻ. 

[131], ɼʫʙʠʥʠʥʘ ɺ. ʅ. [132], ʍʘʨʘʟʦʚʘ ɺ. ɻ. [134], ɿʽʘʪʜʽʥʦʚʘ  ʖ. ʂ. [34, 76, 168-

170], ʉʽʢʦʨʠ ʃ. ʉ. [33, 171-174] ʪʘ ʾʭ ʩʧʽʚʘʚʪʦʨʽʚ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʩʫʨʩʫ [116] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 

ʧʨʦʜʫʢʪʽʚ Enterprise Resource Planning Software ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʽʜʛʫʢʽʚ ʚʽʜ 

ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʇʝʨʰʠʤ ʟ ʥʠʭ ʻ ʧʨʦʜʫʢʪ E2 Shop System ʚʽʜ Shoptech ʢʦʨʧʦʨʘʮʽʾ, ʷʢʠʡ  

ʧʨʠʟʚʦʜʠʪʴ ʚʩʽ ʙʽʟʥʝʩ-ʦʧʝʨʘʮʽʾ ʚ ʦʜʥʝ ʨʽʰʝʥʥʷ, ʚʽʜ ʦʮʽʥʢʠ ʜʦ ʧʣʘʥʫʚʘʥʥʷ, 

ʧʨʠʜʙʘʥʥʷ, ʜʦʩʪʘʚʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʢʣʽʻʥʪʘʤʠ ʪʘ ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʦʙʣʽʢʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʨʦʙʦʪʠ ʤʘʛʘʟʠʥʽʚ. ɸʣʝ, ʟʛʽʜʥʦ ʟ ʘʥʘʣʽʟʫ, ʜʘʥʠʡ 

ʧʨʦʜʫʢʪ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʩʪʘʨʽʣʠʤ ʥʘ ʨʠʥʢʫ.  

Intacct ʻ ʚʝʙ-ʬʽʥʘʥʩʦʚʘ ʩʠʩʪʝʤʘ ʦʙʣʽʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʰʠʨʦʢʠʤ 

ʥʘʙʦʨʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ. Intacct 

ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʦʜʘʪʢʠ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʽʢʫ ʯʘʩʫ ʽ ʚʠʪʨʘʪ, ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʭʦʜʘʤʠ, ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʦʙʣʽʢʫ ʨʘʭʫʥʢʽʚ.  ʗʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʧʨʦʜʫʢʪ ʥʝ 

https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC


40 

 

ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʚʜʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʑʝ ʦʜʥʠʤ ʧʦʧʫʣʷʨʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ NetSuite ï ʙʽʟʥʝʩ-ʧʘʢʝʪ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʩʣʫʞʙʠ, ʱʦ ʚʠʢʦʥʫʻ ʧʣʘʥʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ (ERP) ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʤʠ ʟ ʢʣʽʻʥʪʘʤʠ 

(CRM). ʎʝ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʘʢʝʪ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʘʨʝʢʦʤʝʥʜʦʚʘʥʘ ʙʽʣʴʰʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʝʨʝʜ ʨʝʩʫʨʩʫ Software 

Advise. ʇʨʦʪʝ NetSuite ʥʝ ʻ ʜʝʰʝʚʦʶ.  

ʅʠʞʯʝ, ʚ ʪʘʙʣ. 1.4 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ERP-ʩʠʩʪʝʤ, 

ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʭ ʥʘ ʫʢʨʘʾʥʩʴʢʦʤʫ ʪʘ ʨʦʩʽʡʩʴʢʦʤʫ ʨʠʥʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. ʋ ʚʩʽʭ ʧʨʦʜʫʢʪʽʚ ʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 

ʅʘʡʙʽʣʴh ʫ ʦʮʽʥʢʫ ʦʪʨʠʤʘʣʘ ERP-ʩʠʩʪʝʤʘ Axapta ʚʽʜ Microsoft. ɿʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ 

ʧʨʦʩʪʦʪʠ, ʟʨʫʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʽʜ ʦʙ'ʻʢʪ ʽ 

ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʦʬʽʩʥʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʱʝ ʙʽʣʴʰ 

ʟʨʫʯʥʦʶ ʚ ʨʦʙʦʪʽ. ɸʣʝ ʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʘʡʥʠʞʯʘ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ERP-ʤʦʜʝʣʽ ʽ 

ʚʦʥʘ ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ, ʷʢ ʩʠʩʪʝʤʘ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʚʝʣʠʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʢʦʨʧʦʨʘʮʽʡ ʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʧʨʦʜʫʢʪ ʥʽʤʝʮʴʢʦʾ ʢʦʤʧʘʥʽʾ SAP. ʎʝ 

ʜʦʨʦʞʯʘ ʩʠʩʪʝʤʘ, ʘʣʝ ʟ ʥʘʡʙʽʣʴʰʦʶ ʧʦʚʥʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ERP-ʤʦʜʝʣʽ ʽ ʰʠʨʦʢʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

 

ʊʘʙʣʠʮʷ 1.4 ï ɿʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ERP-ʩʠʩʪʝʤ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ Baan - 

BAAB_IV  SAP - R3 
Oracle - QAD - MS - 

Axapta 
 Oracle Apl MFG / PRO 

ɼʘʪʘ ʟʘʩʥʫʚʘʥʥʷ 1978 ʨ. 1972 ʨ. 1979 ʨ. 1979 ʨ. 1980 ʨ. 

ʢʦʤʧʘʥʽʾ      

ʂʨʘʾʥʘ, ʜʝ ʜʘʥʘ ʅʽʜʝʨʣʘʥʜʠ ʅʽʤʝʯʯʠʥʘ ʉʐɸ ʉʐɸ ɼʘʥʽʷ 

ʢʦʤʧʘʥʽʷ ʟʘʩʥʦʚʘʥʘ      

ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʝʣʠʢʽ ʢʦʨʧʦʨʘʮʽʾ ʚʝʣʠʢʽ ʩʝʨʝʜʥʽ ʩʝʨʝʜʥʽ 

ʩʠʩʪʝʤʠ ʜʣʷ      

ʧʽʜʧʨʠʻʤʩʪʚ (ʤʘʣʠʭ,      

ʩʝʨʝʜʥʽʭ, ʚʝʣʠʢʠʭ,      

ʢʦʨʧʦʨʘʮʽʾ)      

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʘ Oracle, Oracle, Oracle Progress, MS SQL, 

ʧʨʦʬʝʩʽʡʥʘ Sybase, Adabas,  Oracle Oracle 

ʉʋɹɼ Informix Informix    
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.4. 

ɸʨʭʽʪʝʢʪʫʨʘ, ʥʘ 

ʷʢʫ ʙʘʟʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ 

Unix-ʩʝʨʚʝʨ, 

Win-ʢʣʽʻʥʪ, 

Web-ʢʣʽʻʥʪ, 

RDA, AS. 

Unix- 

ʩʝʨʚʝʨ, 

Win-ʢʣʽʻʥʪ, 

Web- 

ʢʣʽʻʥʪ, 

RDA, AS. 

Unix- 

ʩʝʨʚʝʨ, 

Win-

ʢʣʽʻʥʪ, 

Web- 

ʢʣʽʻʥʪ, 

RDA, AS. 

Unix-

ʩʝʨʚʝʨ, 

Unix-

ʩʝʨʚʝʨ, 

Win-ʢʣʽʻʥʪ, Win-ʢʣʽʻʥʪ, 

Web-ʢʣʽʻʥʪ, Web-ʢʣ̔ʻʥʪ, 

RDA, ʭʦʩʪ RDA, AS. 

ʪʝʨʤʽʥʘʣ  

   

ʅʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤ, 

ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ  

Enterprise Business Appl. Qwizard Hem 

Modeler Engineer Implem  

 

 

  Wizard   

     

ɺʘʨʪʽʩʪʴ ʦʜʥʽʻʾ 

3000 4000 4000 2150 2500 ʣʽʮʝʥʟʽʾ ʚ ʜʦʣʘʨʘʭ 

ʉʐɸ 

ʄʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ 

ʙʫʭʛʘʣʪʝʨʩʴʢʦʾ 

ʟʚʽʪʥʦʩʪʽ  

(ʂ = 0.4) 

10 5 7 5 10 

ʄʦʞʣʠʚʽʩʪʴ 

3 3 3 3 10 

ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʦʬʽʩʥʠʤʠ 

ʜʦʜʘʪʢʘʤʠ 

(ʂ = 0.2) 

ʆʮʽʥʢʘ ʩʠʩʪʝʤʠ ʟʘ ʜʘʥʠʤʠ Gartner Group 

ʆʮʽʥʢʘ ʧʦʚʥʦʪʠ 7 8 5 6 5 

ʈʝʘʣʽʟʘʮʽʾ ERP-   

ʤʦʜʝʣʽ (ʂ = 0.9)   

 
ʆʮʽʥʢʘ 6 6 6 6 7 

ʥʘʩʪʨʦʶʚʘʥʦʩʪʽ   

ʩʠʩʪʝʤʠ ʥʘ ʦʙ'ʻʢʪ   

(ʂ = 0.9)   

ʆʮʽʥʢʘ 6 6 5 6 6 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ   

ʨʽʰʝʥʴ ʩʠʩʪʝʤʠ   

(ʂ = 0.8)   

ʆʮʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚ 3 6 5 5 8 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ   

(ʂ = 0.6)   

ʉʝʨʚʽʩ ʦʮʽʥʢʘ 4 

3 

5 6 6 

ʧʽʜʪʨʠʤʢʠ ʩʠʩʪʝʤʠ   

(ʂ = 0.7)   

ʆʮʽʥʢʘ ʩʠʩʪʝʤ ʟʘ ʜʘʥʠʤʠ Data Research DPU (ʧʨʠʚʝʜʝʥʘ ʜʦ 10-ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ) 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 
7 8 8 7 9 

ʩʠʩʪʝʤʠ (ʂ = 0.7) 

ɺʘʨʪʽʩʪʴ (ʂ = 0.6) 6   6 7 9 8 

ʇʨʦʩʪʦʪʘ 7   6 7 

8 8 ʚʠʢʦʨʠʩʪʘʥʥʷ      

(ʂ = 0.4)      

ʆʮʽʥʢʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 7   7 7 8 
8 

(ʂ = 0.5)       

ɯʥʪʝʛʨʦʚʘʥʘ 40,5   40,8 39,9 42,9 48,9 

ʦʮʽʥʢʘ       
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ɿʛʽʜʥʦ ʨʝʩʫʨʩʫ [117] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʡʚʽʜʦʤʽʰʽ MES ʩʠʩʪʝʤʠ. ʉʝʨʝʜ 

ʥʠʭ ʚʠʜʽʣʠʤʦ: MES Pharis ï ʩʫʯʘʩʥʘ ʩʠʩʪʝʤʘ ʮʝʭʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʪʘ ʨʝʮʝʧʪʫʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

MEScontrol - ʛʦʪʦʚʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʮʝʧʪʫʨʥʠʭ, ʜʠʩʢʨʝʪʥʠʭ ʽ 

ʤʘʰʠʥʦʙʫʜʚ̔ʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʅʝʜʦʣʽʢʠ ʦʙʦʭ ʩʠʩʪʝʤ ï ʥʝʤʘʻ ʬʫʥʢʮʽʡ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʘʛʘʪʦ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ, ʪʘʢʽ ʷʢ Siemens, Honeywell, 

Invensys ʪʘ ʽʥ. ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʤʠ ɸʉʋ ʊʇ (ɯɸʉʋ ʊʇ) ʟ ʦʭʦʧʣʝʥʥʷʤ ʧʽʜʩʠʩʪʝʤ ʚʩʽʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʧʦ ʟʘʛʘʣʴʥʦʤʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ MES-ʩʠʩʪʝʤ ʽ ERP-ʩʠʩʪʝʤ. ʗʜʨʦʤ ʽʥʪʝʛʨʘʮʽʾ ʩʣʫʞʠʪʴ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ 

ʩʝʨʚʝʨʽʚ ʙʘʟʠ ʜʘʥʠʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʦ ʯʠʩʣʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ PCS7 

(Siemens), Profity Plant Application (GE Fanuc), Total Plant Solution (Honeywell), 

Factory Suite (Invensys), T- Factory (AdAstra Research Group) ʪʘ ʽʥ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʜʽʣʝʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ SIMATIC PCS8 ʚʽʜʨʽʟʥʷʻ 

ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʩʫʯʘʩʥʠʡ ʜʠʟʘʡʥ, ʤʦʜʫʣʴʥʘ ʽ ʚʽʜʢʨʠʪʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ SIMATIC, ʧʦʚʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʤʦʛʘʤ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʧʽʜʪʨʠʤʢʘ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʎʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʨʝʥʪʘʙʝʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʽʭ ʬʘʟ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ - ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ, ʚʠʢʦʥʘʥʥʷ ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ 

ʨʦʙʽʪ, ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺ ʩʠʩʪʝʤʽ SIMATIC 

PCS8 ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʩʫʤʽʱʝʥʽ ʟ ʙʝʟʧʝʯʥʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ, 

ʧʨʦʩʪʦʪʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʟʨʫʯʥʽʩʪʶ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ [88-90].  

ʇʨʦʪʝ, ʽʩʥʫʶʪʴ ʽʩʪʦʪʥʽ ʥʝʜʦʣʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʗʢ ʚʽʜʦʤʦ, ʟ 

ʯʘʩʦʤ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɯɸʉʋ ʊʇ ʧʦʛʽʨʰʫʶʪʴʩʷ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʚ ʤʝʥʰʽʡ 

ʤʽʨʽ ʟʥʦʩʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ɯɸʉʋ ʊʇ. ʊʝʨʤʽʥ ʩʣʫʞʙʠ, ʯʘʩ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ 

ʪʘ ʽʥ. ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʜʦʧʫʩʢʘʶʪʴ ʾʭ ʜʦʚʛʦʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʆʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʧʦʛʽʨʰʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʣʷʛʘʶʪʴ ʫ ʧʦʨʫʰʝʥʥʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫ, ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʚ ʧʦʤʠʣʢʘʭ, ʱʦ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 
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ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʫʰʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʦʚʽʨʢʠ ʪʘ ʨʝʤʦʥʪʫ, 

ʥʝʜʦʪʨʠʤʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ, ʧʦʤʠʣʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʘʙʦ ʡʦʛʦ 

ʥʝʧʽʜʛʦʪʦʚʣʝʥʽʩʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʽʥʩʪʨʫʢʮʽʡ. ɿʘ ʩʣʦʚʘʤʠ ʧʨʦʬʝʩʦʨʘ ɯʮʢʦʚʠʯʘ 

ɭ.ʃ. ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ɸʉʋ ʊʇ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤ ʽ ʩʪʘʙʽʣʴʥʠʤ 

ʧʽʜʪʨʠʤʘʥʥʷʤ ʟʘʜʘʥʠʭ ʨʝʞʠʤʽʚ, ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ ʽ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ 

ʥʝʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ [87]. 

ʇʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʟ ʙʘʛʘʪʴʦʭ ʧʨʠʯʠʥ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ, 

ʥʘʜʤʽʨʥʽʩʪʴ (ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ) ʘʧʘʨʘʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʘʙʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ ʽ ʩʪʫʧʝʥʽʚ ʟʘʭʠʩʪʫ ʧʨʠ ʨʦʙʦʪʽ ʚ ʞʦʨʩʪʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ʪʦʱʦ [90].  

ʊʦʤʫ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʚʞʝ ʚʽʜʦʤʠʭ ʘʙʦ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʫʧʨʘʚʣʷʪʠ 

ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

 

 

1.4.1 ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

ɺ ʧʽʜʨʦʟʜʽʣʽ 1.1.2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʈʦʟʛʣʷʥʝʤʦ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʚʽʜʦʤʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʨʦʮʝʩʦʤ ʪʝʩʪʫʚʘʥʥʷ (ʪʘʙʣ. 1.5). 
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ʊʘʙʣʠʮʷ 1.5 ï ʉʧʠʩʦʢ ʧʦʧʫʣʷʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʩʪʫʚʘʥʥʷʤ 

ʇʨʦʜʫʢʪ 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ unit-

ʪʝʩʪʠ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ GUI-

ʪʝʩʪʠ 

ʈʫʯʥʝ 

ʪʝʩʪʫʚʘʥʥʷ 

ʄʝʥʝʜʞʝʨ 

ʜʝʬʝʢʪʽʚ 
ʇʨʠʤʽʪʢʠ 

Sitechco ʅ ̔ ʅ ̔ ʊʘʢ ʊʘʢ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʩʠʩʪʝʤʘʤʠ ʩʪʝʞʝʥʥʷ 

ʟʘ ʜʝʬʝʢʪʘʤʠ, ʪʘʢʠʭ 

ʷʢ Redmine ʽ Jira 

TestLink ʅ ̔ ʅ ̔ ʊʘʢ ʊʘʢ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʙʝʟʣʽʯʯʶ ʩʠʩʪʝʤ 

ʩʪʝʞʝʥʥʷ ʟʘ 

ʜʝʬʝʢʪʘʤʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʟ Bugzilla 

TestRail ʅ ̔ ʅ ̔ ʊʘʢ ʊʘʢ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʩʠʩʪʝʤʦʶ ʩʪʝʞʝʥʥʷ 

ʟʘ ʜʝʬʝʢʪʘʤʠ Jira 

Squash TM 

/ TA 
ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʩʠʩʪʝʤʦʶ ʩʪʝʞʝʥʥʷ 

ʟʘ ʜʝʬʝʢʪʘʤʠ, ʪʘʢʠʭ 

ʷʢ Redmine ʽ Jira 

 

ɿʘʟʚʠʯʘʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʩʪʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʨʫʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʟʚʽʪʽʚ. ɹʘʛʘʪʦ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʩʪʫʚʘʥʥʷʤ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʚʠʤʦʛʘʤʠ [160]. 

ʇʨʦʪʝ, ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʩʠʩʪʝʤʠ (ʢʨʽʤ ʦʩʪʘʥʥʴʦʾ) ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʪʝʩʪʫʚʘʥʥʷ [161-163].  

ʑʝ ʦʜʥʽʻʶ ʝʬʝʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʪʝʩʪʘʤʠ, ʱʦ ʧʽʜʪʨʠʤʫʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ, ʻ Squash TM. Squash TM ʻ ʤʝʥʝʜʞʝʨʦʤ ʪʝʩʪʦʚʠʭ 

ʨʝʧʦʟʠʪʦʨʽʾʚ, ʱʦ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʢʦʜ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʤʦʛʘʤʠ, ʪʝʩʪʦʚʠʤʠ ʩʮʝʥʘʨʽʷʤʠ ʽ ʚʠʢʦʥʘʥʥʷʤʠ ʪʝʩʪʦʚʠʭ ʚʠʧʘʜʢʽʚ ʚ 

ʙʘʛʘʪʦʤʦʜʫʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʧʨʦʝʢʪʫ. Squash TM ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʥʘʙʦʨʫ 

ʽʥʩʪʨʫʤʝʥʪʽʚ Squash. ɺʽʥ ʚʟʘʻʤʦʜʽʻ ʟ Squash Tɸ ï ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

(ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʪʝʩʪʘʤʠ) [164]. ɼʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ ʩʠʩʪʝʤʠ. ʇʨʦʪʝ, ʧʣʘʥʫʚʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʥʘ ʪʝʩʪʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ ʩʠʩʪʝʤʠ ʽ ʧʨʦʜʫʢʪʫ 

ʚʮʽʣʦʤʫ.  

ʋ ʧʝʨʝʣʽʯʝʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʩʫʪʥʽ ʚʨʘʭʫʚʘʥʥʷ ʮʠʢʣʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ï 

ʚʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʪʘʜʽʷʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ: ʯʠ 

ʧʨʦʜʦʚʞʠʪʠ ʪʝʩʪʫʚʘʥʥʷ, ʯʠ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘ ʩʪʘʜʽʶ ʨʦʟʨʦʙʢʠ, ʯʠ ʚʠʧʫʩʢʘʪʠ 

https://ru.wikipedia.org/w/index.php?title=Sitechco&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=TestLink&action=edit&redlink=1
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ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ. ʊʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

(ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ) ʪʝʩʪʫʚʘʥʥʷʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʙ ʚʠʱʝ ʚʢʘʟʘʥʽ ʚʠʤʦʛʠ, 

ʱʦ ʜʦʟʚʦʣʷʪʴ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ.  

 

 

1.5 ɺʠʩʥʦʚʢʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʜʦʟʚʦʣʠʣʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʥʘʩʪʫʧʥʝ.  

ʈʦʟʛʘʣʫʞʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʮʠʢʣʽʯʥʦʛʦ ʪʠʧʫ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʩʢʣʘʜʥʽh ʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʘʞʣʠʚʠʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʥʝʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ 

ʝʪʘʧʽ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ ʯʠ ʮʠʢʣʽʯʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʪʘ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ 

ʥʝ ʚʨʘʭʦʚʫʁ ʪʴ ʢʦʤʧʣʝʢʩʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʢʠʜʦʤ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʢʦʞʥʽʡ ʦʧʝʨʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʶ, ʥʝʜʦʩʪʦʚʽʨʥʽʩʪʶ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ. 

ɯʩʥʫʶʯʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ 

ʧʨʠʯʠʥ ʚʠʩʪʫʧʘʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʟʤʝʥʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ.  ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʮʠʢʣʽʯʥʦʛʦ ʪʠʧʫ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʉʫʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥ ̔ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɿʘʜʘʯʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

ī ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ; 

ī ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  
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ī ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ 

ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

ī ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨ̔h ʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  

ī ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 
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ʈʆɿɼɯʃ 2 

ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ 

ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ 

 

2.1 ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

ʆʪʨʠʤʘʻʤʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ. 

ʋʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʝʣʝʤʝʥʪʠ, 

ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 2.1: 

1. ʊʨʘʥʟʠʪ. 

2. ʈʦʟʛʘʣʫʞʝʥʥʷ. 

3. ʎʠʢʣʽʯʥʽʩʪʴ. 

ʊʨʘʥʟʠʪ ï ʮʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʝʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʜʝ ʦʧʝʨʘʮʽʷ ʯʠ ʩʪʘʜʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 

ʩʪʘʜʽʡ, ʷʢʱʦ ʥʝ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʚʝʨʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʦʟʛʘʣʫʞʝʥʥʷ ï ʮʝ ʪʠʧʦʚʠʡ ʝʣʝʤʝʥʪ ʈʎʊʇ, ʜʝ ʧʽʩʣʷ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʘ ʟ ʦʙʨʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʘʙʦ ʢʽʣʴʢʘ ʦʧʝʨʘʮʽʡ ʧʘʨʘʣʝʣʴʥʦ. ʎʝ ʚʘʞʣʠʚʘ 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʫ, ʢʦʪʨʘ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʴ. 

ʎʠʢʣʽʯʥʽʩʪʴ ï ʝʣʝʤʝʥʪ ʈʎʊʇ, ʧʨʠ ʷʢʦʤʫ ʦʧʝʨʘʮʽʷ (ʘʙʦ ʢʽʣʴʢʘ ʦʧʝʨʘʮʽʡ) 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʚʞʝ ʧʽʩʣʷ ʾʭ ʚʠʢʦʥʘʥʥʷ. ʊʫʪ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ, ʱʦʜʦ ʧʨʠʧʠʥʝʥʥʷ ʮʠʢʣʽʯʥʦʩʪʽ [1]. 

ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ ʧʦʢʘʟʫʻ, ʱʦ ʪʘʢʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʽ 

ʥʘ ʧʽʜʧʨʦʮʝʩʠ ʟ ʪʨʴʦʤʘ ʙʘʟʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʢʘʟʘʥʠʤʠ ʥʘ ʨʠʩʫʥʢʫ 2.2. ɹʘʟʦʚʽ 

ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ: 
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ʆʧʝʨʘʮ̫̔  1

ʘ)
 

ʘ) 

ʆʧʝʨʘʮ̫̔  1

ʆʧʝʨʘʮ̫̔  2

....................

ʆʧʝʨʘʮ̫̔  n

ʙ)
 

ʙ) 

ʆʧʝʨʘʮ̫̔  1 ʆʧʝʨʘʮ̫̔  2

ʚ)
 

ʚ) 

ʈʠʩʫʥʦʢ 2.1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʈʎʊʇ: 

ʘ ï ʪʨʘʥʟʠʪ; 

ʙ ï ʨʦʟʛʘʣʫʞʝʥʥʷ; 

ʚ ï ʮʠʢʣʽʯʥʽʩʪʴ 

 

- ʚʣʘʩʥʝ ʧʽʜʧʨʦʮʝʩ, ʧʦʟʥʘʯʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.2 ʦʚʘʣʦʤ; 

- ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʧʦʟʥʘʯʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.2 

ʧʨʷʤʦʢʫʪʥʠʢʦʤ. 

ʂʦʞʝʥ ʧʽʜʧʨʦʮʝʩ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʠʡ ʥʘ ʘʥʘʣʦʛʽʯʥʽ 

ʝʣʝʤʝʥʪʠ ʽ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʜʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʫ ʙʫʜʴ-ʷʢʦʾ 

ʩʢʣʘʜʥʦʩʪʽ. 

ʈʽʰʝʥʥʷ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ, ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʪʠʧʠ 

(ʚ̔ʜʧʦʚʽʜʥʦ ʧʦʟʥʘʯʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.2): 
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1. ʊʨʴʦʭʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽʰʝʥʥʷ { }IIIIII ddd ,, : ʧʨʦʜʦʚʞʠʪʠ ʚʠʢʦʥʘʥʥʷ 

ʧʽʜʧʨʦʮʝʩʫ, ʧʦʚʪʦʨʠʪʠ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ ʘʙʦ ʟʘʚʝʨʰʠʪʠ ʚʠʢʦʥʘʥʥʷ 

ʧʽʜʧʨʦʮʝʩʫ. 

2. ɼʚʦʭʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽʰʝʥʥʷ { }III dd , : ʧʨʦʜʦʚʞʫʚʘʪʠ ʘʙʦ ʧʨʠʧʠʥʠʪʠ 

ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ. 

3. ʊʨʴʦʭʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽʰʝʥʥʷ { }IIIIII ddd ,, : ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ 

ʧ̔ʜʧʨʦʮʝʩʫ ʘʙʦ ʧʨʠʧʠʥʠʪʠ ʽ ʧʝʨʝʡʪʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʧʽʜʧʨʦʮʝʩʽʚ. 

 

3

 
ʘ) 

11

 

ʙ) 

1

1

2

 

ʚ) 

ʈʠʩʫʥʦʢ 2.2 ï ɹʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʦʮʝʩʽʚ ʈʎʊʇ: 

ʘ) ʮʠʢʣʽʯʥʘ;  

ʙ) ʧʦʩʣʽʜʦʚʥʘ;  

ʚ) ʨʦʟʛʘʣʫʞʝʥʘ  

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʩʪʫʧʥʽ 

ʨ̔h ʝʥʥʷ ʽ ʧʽʜʧʨʦʮʝʩʠ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ: 
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î
î

í

î
î

ì

ë

=

=

=

=

ʽʚʠʭsʚʭ

iij

iʽʚʠʭii

iʽʚʭiʽʚʠʭ

XX

dDs

tXRd

tXFX

ij
..

.

..

),(

),,(

),,(

                     i = 1éN,                 (2.1) 

 

ʜʝ     N ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ; 

        ʽʚʭX . ï ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ -̔ʛʦ ʧʽʜʧʨʦʮʝʩʫ; 

        ʽʚʠʭX . ï ʚʝʢʪʦʨ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ -̔ʛʦ ʧʽʜʧʨʦʮʝʩʫ; 

         di  ï ʨʽʰʝʥʥʷ, ʷʢʝ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦ ʟʘʚʝʨʰʝʥʥʶ -̔ʛʦ ʧʽʜʧʨʦʮʝʩʫ; 

         sij ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʧʽʜʧʨʦʮʝʩʘʤʠ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ di; 

        ti ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ -̔ʛʦ ʧʽʜ ʧʨʦʮʝʩʫ; 

       iR  - ʚʠʨʽʰʘʣʴʥʘ ʬʫʥʢʮʽʷ. 

ʆʪʨʠʤʘʻʤʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʈʊʇ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ. 

ʇʨʘʚʠʣʦ D ʜʣʷ ʩʪʨʫʢʪʫʨ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 2.2, ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

- ʜʣʷ ʨʠʩʫʥʢʫ 2.2, ʘ: 

 

1ʪʦʷʢʱʦ

ʪʦʷʢʱʦ

0ʪʦʷʢʱʦ

:

+==

==

==

isdd

isdd

sdd

D

ij
III

i

ij
II

i

ij
I

i

; 

 

- ʜʣʷ ʨʠʩʫʥʢʫ 2.2, ʙ: 

 

1ʪʦʷʢʱʦ

0ʪʦʷʢʱʦ
:

+==

==

isdd

sdd
D

ij
I

i

ij
I

i
; 
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- ʜʣʷ ʨʠʩʫʥʢʫ 2.2, ʚ: 

 

2ʪʦʷʢʱʦ

1ʪʦʷʢʱʦ

0ʪʦʷʢʱʦ

:

+==

+==

==

isdd

isdd

sdd

D

ij
III

i

ij
II

i

ij
I

i

. 

 

ʅʝʚʽʨʥʽ ʨʽʰʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʚʭʽʜ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʘ ʩʚʦʾʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 1-ii ʚʠʭʚʭ XX =  ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ 

ʦʧʪʠʤʘʣʥɹʠʭ ʟʥʘʯʝʥʴ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪ, ʫʩʽ ʧʽʜʧʨʦʮʝʩʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ, ʱʦ 

ʩʘʤʦʨʝʛʫʣʶʶʪʴʩʷ (ʨʝʟʫʣʴʪʘʪ iʚʠʭX  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʭʠʣʝʥʴ ʚʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʽ ʪʘʢʽ, ʱʦ ʥʝ ʤʘʁ ʪʴ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ.  

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇ ʧʦʣʷʛʘʻ ʫ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʢʪʦʨʘ ʨʽʰʝʥʴ {d} ʥʘ ʦʩʥʦʚʽ 

ʢʨʠʪʝʨʽʶ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

 

{} { }{}{}[ ]dtXE ʚʠʭd ,,max .                                          (2.2) 

 

ʇʨʠʡʤʝʤʦ ʟʘ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʚʠʜʢʽʩʪʴ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʈʎʊʇ [1]: 

 

 

T

CP
E

-
= ,                                                    (2.3) 

 

ʜʝ ʈ ï ʚʘʨʪʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ; 

ʉ ï ʚʠʪʨʘʪʠ ʥʘ ʈʎʊʇ; 

ʊ ï ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʈʎʊʇ. 

ʆʯʝʚʠʜʥʦ, ʚʘʨʪʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʟʫʣʴʪʘʪʫ)( ʚʠʭXP . 
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ɿʦʙʨʘʟʠʤʦ ʩʭʝʤʫ ʈʎʊʇ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 2.3, ʜʝ 

ʚʝʨʰʠʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʝʨʘʮʽʷʤ ʈʎʊʇ Si, ʘ ʜʫʛʠ ï ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ. Ki 

ï ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɻʨʘʬ ʦʧʠʰʝʤʦ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ 

{} njiaA ij ...1,; == , ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ; 1=ija , ʷʢʱʦ ʧʝʨʝʭʽʜ ʚʽʜ i-ʾ ʦʧʝʨʘʮʽʾ 

ʜʦ j-ʾ ʤʦʞʣʠʚʠʡ ʽ 0=ija , ʷʢʱʦ ʧʝʨʝʭʽʜ ʥʝʤʦʞʣʠʚʠʡ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɻʨʘʬ ʈʎʊʇ 

 

ʂʦʞʥʘ ʦʧʝʨʘʮʽʷ ʈʎʊʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ X
C

 ʽ 

ʚʝʢʪʦʨʦʤ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Y
C
. ʆʩʢʽʣʴʢʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʢʠʜ, 

ʪʦ ʢʦʞʥʘ ʦʧʝʨʘʮʽʷ ʧʨʦʮʝʩʫ ʙʫʜʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ Y
C

 ʟ 

ʤʽʥʽʤʘʣʥɹʠʤ ʚʽʜʭʠʣʝʥʥʷʤ YD  ʚʽʜ ʙʘʞʘʥʦʛʦ 0Y
C

 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʢʠʜʫ X
C
D . ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʦʧʝʨʘʮʽʾ ʈʎʊʇ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 2.4, ʧʨʠʡʤʝʤʦ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ [2,10], ʚ ʷʢʽʡ ʫʧʨʘʚʣʽʥʥʷ 0YU =  - ʮʝ ʤʝʪʘ ʦʧʝʨʘʮʽʾ, ʘ 

ʨʦʟʢʠʜ X
C
D  - ʟʙʫʨʝʥʥʷ. 

K2S2

S4

S5

S1

K1

S3

K5

S6

Sn

P12

P24

P25

P54

P56

Pnn

P35

P13
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ɺʠʪʨʘʪʠ g ʥʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ ʪʠʤ ʙʽʣʴʰʽ, ʯʠʤ ʙʽʣʴʰʝ 

ʟʙʫʨʝʥʥʷ, ʪʦʙʪʦ ʚʽʜʭʠʣʝʥʥʷ ʫʤʦʚ ʾʾ ʚʠʢʦʥʘʥʥʷ X
C
D . ʊʘʢʠʤ ʯʠʥʦʤ, ʨʠʟʠʢ ʦʢʨʝʤʦʾ 

ʦʧʝʨʘʮʽʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

ñÖ=
¤

0

)( dggfgR ,                                                    (2.4) 

 

ʜʝ g ï ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʚʠʪʨʘʪ ʦʧʝʨʘʮʽʾ: 

 

bXAg T +DÖ=
CC

;                                                     (2.5) 

 

A
C

 ï ʚʝʢʪʦʨ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʥʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦ ʢʦʞʥʦʤʫ ʟ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ; 

b ï ʥʦʤʽʥʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʧʝʨʘʮʽʾ. 

ʈʠʟʠʢ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʷ 

ʈʎʊʇ. ʊʘʢ ʷʢ ʮʝ ʨʦʟʛʘʣʫʞʝʥʠʡ ʧʨʦʮʝʩ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ, ʟ 

ʷʢʠʤʠ ʙʫʜʝ ʧʨʠʡʥʷʪʦ ʪʝ ʯʠ ʽʥʰʝ ʨʽʰʝʥʥʷ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʤʘʻ ʚʠʛʣʷʜ  

ʈʠʩʫʥʦʢ 2.4 ï ɺʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʾ 

ʦʧʝʨʘʮʽʷ 

ʈʎʊʇ 

X
C
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           (2.6) 

 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʙʫʪʠ  

 

 

(2.7) 

 

ʜʝ  z ï ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

     u  ï ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ; 

     q ï ʧʦʭʠʙʢʠ ʧʘʨʘʤʝʪʨʽʚ.   

ʉʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ, ʝʥʝʨʛʽʾ ʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʫ, ʘ ʦʪʞʝ ʽ ʡʦʛʦ ʚʘʨʪʦʩʪʽ. ʇʦʟʥʘʯʠʤʦ ʬʫʥʢʮʽʶ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ 

( )i ʚʭi XC DD , ʘ ʬʫʥʢʮʽʶ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ( )i ʚʠʭi XP DD . ɹʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ ʻ 

ʧʨʦʤʽʞʥʠʤʠ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ( )ki iʚʭiʚʠʭ xfX =  ʚʝʢʪʦʨʘ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʽʜ ʦʢʨʝʤʦʛʦ (k-ʛʦ) ʚʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʻ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ( )kiki , ʚʭʚʭ xx , 

ʧʨʠʯʦʤʫ ʮʷ ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʽʟʥʘ (ʟʦʢʨʝʤʘ, ʜʣʷ ʜʝʷʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʷ ï ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ). 

ɺʠʪʨʘʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʢʦʞʥʽʡ ʩʪʘʜʽʾ ʈʎʊʇ ʽ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ. 

 

 ä ä=
= =

N

i
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ijcʉ

1 1

,   )(dSj iÍ ,    (2.8) 

 

ʜʝ  n ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʜʽʡ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘʧʨʠʢʽʥʮʽ 

ʢʦʞʥʦʾ ʩʪʘʜʽʾ; 

      N ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ; 

      ʩij ï ʚʘʨʪʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ ʥʘ j-ʡ ʩʪʘʜʽʾ i-ʛʦ ʮʠʢʣʫ; 

      Si ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ ʥʘ -̔ʪʦʤʫ ʮʠʢʣʽ. 
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ɺʠʪʨʘʪʠ ʥʘ ʦʢʨʝʤʠʡ ʧʽʜʧʨʦʮʝʩ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨ̔h ʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ (2.1). ʗʢʽʩʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʫ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʟʫ̒ ʪʴʩʷ ʬʫʥʢʮʽʻʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʭʠʙʢʠ ( )i i / ʚʠʭʚʠʭi XXDb  

ʧʨʠ ʫʤʦʚʽ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʫ ʧʽʜʧʨʦʮʝʩʫ, ʷʢʘ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʡʤʦʚʽʨʥʦʩʪʽ, ʘ ʜʣʷ 

ʝʢʩʧʝʨʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ï ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʊʇ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʣʝʞʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ Y
C
 ʜʦ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ 

 

ñ
Í iDY

Y
i

i YdYd
CC

)(max: b

,                                      (2.9) 

 

ʜʝ Di ï ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʘ Y
C
, ʧʨʠ ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ di . 

ɺʠʪʨʘʪʠ ʥʘ ʢʦʥʪʨʦʣʴʥʽ ʦʧʝʨʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʦʙʝʨʥʝʥʽʡ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩ.ʢ.ʚ. ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʜʠʚ. ɼʦʜʘʪʦʢ ɺ): 

 

 ( )( )iDiiʢ i
CC s12log10 -= , (2.10) 

 

ʜʝ C0i ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʚʘʨʪʦʩʪʽ ʦʢʨʝʤʦʛʦ ʚʠʜʫ ʢʦʥʪʨʦʣʶ; 

     Di ï ʜʽʘʧʘʟʦʥ ʢʦʥʪʨʦʣʶ; 

     ůi ï ʩ.ʢ.ʚ. ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʆʯʝʚʠʜʥʦ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʢʦʥʪʨʦʣʶ ʤʘʻ ʜʽʘʧʘʟʦʥ 

is12  (ʜʽʘʧʘʟʦʥ ʬʫʥʢʮʽʾ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ), ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʜʽʘʧʘʟʦʥʫ 
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ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʜʽʘʧʘʟʦʥ ʢʦʥʪʨʦʣʶ Di), ʪʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʥʝʤʘʻ ʩʝʥʩʫ, ʦʪʞʝ ʡʦʛʦ ʚʘʨʪʽʩʪʴ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. 

ɸʥʘʣʦʛʽʯʥʦ ʩʢʣʘʜʦʚʦʶ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʻ ʚʠʪʨʘʪʠ ʥʘ ʟʜʽʡʩʥʝʥʥʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʈʎʊʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ Űi ʽ 

ʧʨʠʡʥʷʪʠʤʠ ʨʽʰʝʥʥʷʤʠ: 
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t ,   )(dSj iÍ , (2.11) 

 

ʜʝ Si ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ ʥʘ -̔ʪʦʤʫ ʮʠʢʣʽ. 

ɺʝʣʠʢʘ ʨʦʟʤʽʨʥʽʩʪʴ ʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1), ʥʝʯʽʪʢʽʩʪʴ 

ʙʽʣʴʰʦʩʪʽ ʦʧʠʩʽʚ ʧʽʜʧʨʦʮʝʩʽʚ ʽ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʣʽʤʦʜʘʣʴʥʽʩʪʴ ʢʨʠʪʝʨʽʶ 

(2.2) - (2.3) ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʈʎʊʇ ʚ ʩʢʣʘʜʽ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ [1,13]. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.1. ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʟ 

ʢʦʨʝʢʮʽʻʶ ʤʦʜʝʣʽ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʰʣʷʭʦʤ ʟʘʜʘʚʘʥʥʷ 

ʨʝʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ kʚʭX . 

ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.3, ʚ ʷʢʦʤʫ ʧʨʷʤʦʢʫʪʥʠʢʘʤʠ 

ʧʦʟʥʘʯʝʥʽ ʝʪʘʧʠ ʢʦʥʪʨʦʣʶ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʂʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ ʈʎʊʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʝʚʥʦʶ ʟʘʣʠʰʢʦʚʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʘ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ Y
C

 ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʷ, ʘ ʨʝʰʪʘ 

ʦʮ̔ʥʶʚʘʪʠʩʷ ʝʢʩʧʝʨʪʦʤ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʣʷ ʦʧʠʩʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʥʪʨʦʣʶ ʫʟʘʛʘʣʴʥʶʶʯʫ ʬʫʥʢʮʽʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ Yb  [2]. 
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ʆʮʽʥʠʤʦ ʟʘʛʘʣʴʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʙʽʣʽʟʘʮʽʡʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʝʨʘʮʽʾ ʈʎʊʇ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʜʘʪʦʯʥʦʶ ʬʫʥʢʮʽʻʶ ʟʙʫʨʝʥʥʷ XWD . ʊʦʜʽ ʬʫʥʢʮʽʶ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ ʟʘʧʠʰʝʤʦ ʫ ʚʝʢʪʦʨʥʦ-ʦʧʝʨʘʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ 

[10] 

 

() ( ) ( )XYWY
XX

n
Y

CCC
CC DÖF=
DD bb ,)( .                                    (2.12) 

 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3) ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʧʝʨʘʮʽʾ Si ʜʦ ʦʧʝʨʘʮʽʾ Sj 

  

( ) ( )[ ]ñ
Í

DD DÖF=

ijDY
XX

n
ij YdXYWP

C
C

CCC
b,)( .                                (2.13) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ ʦʧʝʨʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ (2.13), ʚʠʪʨʘʪʘʤʠ (2.5) ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ (2.12), ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʈʎʊʇ ʫʪʚʦʨʠʤʦ ʤʥʦʞʠʥʫ ʰʣʷʭʽʚ 

{}in lL =1  ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʜʦ ʢʽʥʮʝʚʦʾ ʦʧʝʨʘʮʽʾ ʫ ʛʨʘʬʽ ʈʎʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʾ ʢʨʘʪʥʦʩʪʽ ʮʠʢʣʽʚ. ʂʦʞʝʥ ʪʘʢʠʡ ʰʣʷʭ ʻ ʚʘʨʽʘʥʪʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʥʷʪʪʷ ʦʢʨʝʤʠʭ ʨʽʰʝʥʴ. 

ʈʦʟʢʠʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʾ Sj ʥʘ ʰʣʷʭʫ l i ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʢʠʜʦʤ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʧʝʨʘʮʽʾ Sj-1. ʆʪʞʝ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʥ̫ʥʷ (2.5), (2.12), (2.13) ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʦʧʝʨʘʮʽʾ ʥʘ ʰʣʷʭʫ l i ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 

 



58 

 

() ( ) ( )

( ) ( )[ ]
i

DY

jjjXjX

n

jj

j

T

jjj

jjj

jjXjjX

n

jjY

lj

YdXYWP

bXAg

YYX

XYWY

jjj

j

Í

î
î
î

í

îî
î

ì

ë

DÖF=

+DÖ=

-=D

DÖF=

ñ
--

-

Í

---D-D-

--

DD

ʜʝ

,

,

11

1 1111

)(

1

101

)(

C

C

CC

CCC

CC

CCC

CCC

b

bb

.    (2.14) 

 

ɿʛʦʨʪʘʶʯʠ ʩʠʩʪʝʤʫ (2.14), ʦʪʨʠʤʘʻʤʦ: 
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ʅʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.15) ʧʽʜʨʘʭʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʈʎʊʇ. 

ʆʩʢ̔ʣʴʢʠ ʚʪʨʘʪʠ ʻ ʚʝʣʠʯʠʥʦʶ ʘʜʠʪʠʚʥʦʶ, ʪʦ ʟʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʈʎʊʇ: 

 

n
lj

ji YAgG

i

C
DÖ+=ä
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,                                                     (2.16) 

 

ʜʝ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʻ ʟʘʛʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘ ʫʩʽʭ ʦʧʝʨʘʮʽʷʭ ʨʝʘʣʽʟʘʮʽʾ l i, ʘ ʜʨʫʛʠʡ 

ʜʦʜʘʥʦʢ ʻ ʚʪʨʘʪʘʤʠ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʈʎʊʇ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ l i: 

 

(2.17) 
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ɺʽʜʧʦʚʽʜʥʦ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ l i: 

 

             iii PGR = ,                                            (2.18) 

 

ʘ ʟʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʈʎʊʇ [2]: 
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X

ii XdXPGR
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CC
b                                   (2.19) 

 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʮʠʢʣʽʯʥʦ-ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʠʧʫ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚʭʜ̔ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. 

 

 

2.2 ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

2.2.1 ʄʘʨʢʦʚʩʴʢʘ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʈʊʇ ʻ ʧʨʦʮʝʩʦʤ ʟʤʽʥʠ ʩʪʘʥʫ ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. ʍʽʜ ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʠʤʠ ʟʘʩʦʙʘʤʠ ʽ ʷʢ ʮʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʝʜʤʝʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʦʪʨʠʤʘʥʽ. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʈʊʇ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʠʡ ʤʘʨʢʦʚʩʴʢʦʶ ʤʦʜʝʣʣʶ. 

ʄʘʨʢʦʚʩʴʢʫ ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ iP  ʟʦʙʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ ʥʘ ʨʠʩ. 

2.5. ʂʦʞʝʥ ʧʝʨʝʭʽʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʶ ʧʝʨʝʭʦʜʫ Bij [21]. 
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ʈʠʩʫʥʦʢ 2.5 ī ʇʨʠʢʣʘʜ ʛʨʘʬʘ ʩʪʘʥʽʚ ʦʜʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʈʊʇ 

 

ʅʝʭʘʡ m  ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ. ʇʦʟʥʘʯʠʤʦ 

ʯʝʨʝʟ ijb  ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʝʣʝʤʝʥʪʫ ʽʟ ʩʪʘʥʫ iS  ʚ ʩʪʘʥ jS . ʊʦʜʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʭʦʜʽʚ ʝʣʝʤʝʥʪʫ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ: 
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ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʣʘʥʮʶʛʘ ʤʘʪʨʠʮʷ (2.20) ʫ ʬʽʢʩʦʚʘʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʤʘʻ 

ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ )()2()1( ...,,, kBBB . ɼʣʷ ʩʠʩʪʝʤʠ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.5, ʧʝʨʝʭʽʜʥʽ 

ʚ̔ʨʦʛʽʜʥʦʩʪʽ ʧʽʜʧʨʦʮʝʩʫ 1P  ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʩʪʘʥʽʚ ʧʽʜʧʨʦʮʝʩʽʚ 2P  ʽ 3P  :  

 

     ( )
3121 321 , tt SSfb ij = ,    (2.21) 

 

ʜʝ 
1iiSt  ï ʩʪʘʥ i -ʛʦ ʧʽʜʧʨʦʮʝʩʫ, ʚʽʜʜʘʣʝʥʠʡ ʥʘ 1it  ʥʘʟʘʜ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʤʦʤʝʥʪʫ; 

1it  ï ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʚʧʣʠʚʫ ʚʽʜ i-ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʜʦ 1-ʛʦ ʧʽʜʧʨʦʮʝʩʫ, ʚʠʤʽʨʷʥʠʡ ʫ 

ʩʪʘʜʽʷʭ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ.  

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (2.21) ʯʝʨʝʟ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʽʚ  

 

     ( )
3121 321

~
,

~
ttj bbb ij = .    (2.22) 
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ɺʽʨʦʛʽʜʥʽʩʪ ɹʧʝʨʝʭʦʜʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ 

 

 ( ) mjinvCBBBb v
kk

vij ...1,,...1,,,
~

...,,
~

,
~ )0()1()( ==T= -y , (2.23) 

 

ʜʝ 
)(~ kB  ï ʤʘʪʨʠʮʷ ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʩʪʘʥʽʚ ʧʽʜʧʨʦʮʝʩʽʚ ʥʘ k -ʡ ʩʪʘʜʽʾ; vC  ï 4-ʚʠʤʽʨʥʠʡ 

ʤʘʩʠʚ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ  ]1,1,,[ ++ mnmn ; T  ï ʤʘʪʨʠʮʷ ʟʘʪʨʠʤʦʢ 

ʧʝʨʝʜʘʚʘʥʥʷ ʚʧʣʠʚʽʚ ʨʦʟʤʽʨʦʤ nn³ . 

ɽʣʝʤʝʥʪ ʤʘʪʨʠʮʽ v
lh
ijv Cc Í  ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ h-ʛʦ ʩʪʘʥʫ l-ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʥʘ 

ʚʝʢʪʦʨ ʧʝʨʝʭʽʜʥʠʭ ʚʽʨʦʛʽʜʥʦʩʪʝʡ v-ʛʦ ʧʽʜʧʨʦʮʝʩʫ. ɽʣʝʤʝʥʪ  00
vijc  ï ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʧʝʨʝʭʦʜʫ v-ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʟ i -ʛʦ ʚ j -ʡ ʩʪʘʥ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʥʰʠʭ 

ʧʽʜʧʨʦʮʝʩʽʚ. ʆʩʢʽʣʴʢʠ ʚʧʣʠʚ ijb
~
ʥʘ ʩʪʘʥʠ ʽʥʰʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʙʫʜʝ ʨʽʟʥʠʤ, ʤʘʪʨʠʮʷ 

C  ʟʘʜʘʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʈʊʇ.  

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ Tij Ít ï ʮʽʣʽ ʯʠʩʣʘ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʯʝʨʝʟ ʩʢʽʣʴʢʠ ʩʪʘʜʽʡ 

ʩʪʘʥ i -ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʩʪʘʥ j -ʛʦ ʧʽʜʧʨʦʮʝʩʫ. ɿʤʽʩʪ ʽʥʜʝʢʩʽʚ ʧʦʷʩʥʶʻ 

ʩʭʝʤʘ ʥʘ ʨʠʩ. 2.6 

ɺʨʘʭʦʚʫʶʯʠ ʩʭʝʤʫ ʥʘ ʨʠʩ. 2.6, ʟʘʣʝʞʥʽʩʪʴ (2.14) ʫ ʣʽʥʝʘʨʠʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

ʟʘʧʠʰʝʤʦ ʜʣʷ ʧʝʨʝʭʦʜʫ n-ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʟ i -ʛʦ ʚ j -ʡ ʩʪʘʥ 
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ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʪʦʛʦ, ʱʦ  n-ʡ 

ʧʽʜʧʨʦʮʝʩ ʩʠʩʪʝʤʠ ʧʽʩʣʷ k  ʩʪʘʜʽʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ j -ʤʫ ʩʪʘʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 
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ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʽʯʥʽ (2.25) ʜʣʷ ʩʪʘʥʽʚ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ 

ʩʠʩʪʝʤʠ. ʋʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʤʽʩʪʠʪʠ mn³  ʨʽʚʥʷʥʴ 

ʇʽʜʧʨʦʮʝʩ 

lP  

ʉʪʘʥ 

Sh 

ɺʽʨʦʛʽʜʥʽʩʪʴ 

ʩʪʘʥʫ lhb
~

 

ʇʽʜʧʨʦʮʝʩ 

vP  

ʉʪʘʥ 

Si 

ɺʽʨʦʛʽʜʥʽʩʪʴ 

ʩʪʘʥʫ vib
~

 

ʉʪʘʥ 

Sj 

ɺʽʨʦʛʽʜʥʽʩʪʴ 

ʩʪʘʥʫ vjb
~

 

ʇʝʨʝʭʽʜ ʟ 

ʚʽʨʦʛʽʜʥʽʩʪ ʁ ijvb  

ɺʧʣʠʚ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

ʏʘʩ lvt  

ɺʘʛʘ 
lh

ijvc  

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʢʦʚʩʴʢʦʾ 

ʤʦʜʝʣʽ ʈʊʇ 
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ʗʢɦʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʧʽʜʧʨʦʮʝʩʫ ʚ ʥʘʩʪʫʧʥʠʡ ʩʪʘʥ ʥʘ k -ʡ ʩʪʘʜʽʾ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʩʪʘʥʽʚ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʜʽʷʭ, ʪʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ 

ʥʝʟʘʣʝʞʥʠʤʠ ʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʦʢʨʝʤʦ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʪʘʥ 

ʧʽʜʧʨʦʮʝʩʘ ʥʘ k -ʡ ʩʪʘʜʽʾ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʠʡ ʩʪʘʥ ʧʝʨʝʡʜʫʪʴ ʽʥʰʽ 

ʧʽʜʧʨʦʮʝʩʠ ʥʘ ʮʽʡ ʩʪʘʜʽʾ, ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ (2.27) ʙʫʜʝ ʤʽʩʪʠʪʠ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʟ ʣʽʚʦʾ ʯʘʩʪʠʥʠ ʽʥʰʠʭ ʨʚ̔ʥʷʥʴ.  

ɺʠʜʽʣʠʤʦ ʚ ʨʽʚʥʷʥʥʽ (2.26) ʜʦʜʘʥʦʢ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ k -ʾ ʩʪʘʜʽʾ. ʆʪʨʠʤʘʻʤʦ 
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  (2.28) 

 

ʇʝʨʝʪʚʦʨʠʤʦ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ (2.28) 
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ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ  
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ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.26) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 
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ʘ ʩʠʩʪʝʤʘ (2.27) ʧʝʨʝʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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 (2.30) 

 

ʈʦʟʚôʷʟʢʦʤ ʩʠʩʪʝʤʠ (3.36) ʙʫʜʫʪʴ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʽʚ ʧʽʜʧʨʦʮʝʩʽʚ ʈʊʇ ʥʘ k -ʡ 

ʩʪʘʜʽʾ, ʷʢʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ʂʨʘʤʝʨʘ  
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ʜʝ D ï ʛʦʣʦʚʥʠʡ ʚʠʟʥʘʯʥʠʢ ʩʠʩʪʝʤʠ; jD  ï ʚʠʟʥʘʯʥʠʢ, ʫʪʚʦʨʝʥʠʡ ʰʣʭ̫ʦʤ ʟʘʤʽʥʠ 

j -ʛʦ ʩʪʦʚʧʮʷ ʩʪʦʚʧʮʝʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ. 

ɺʠʟʥʘʯʠʤʦ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ ʈʊʇ ʥʘ ʦʩʥʦʚʽ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ. 

ɿʚʠʯʘʡʥʦ ʦʧʝʨʘʪʦʨ ʈʊʇ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʟʘ ʧʨʦʩʪʠʤ ʧʨʘʚʠʣʦʤ, ʪʦʙʪʦ 

ʫʤʦʚʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 
i

jd  ʻ i
jdʚʠʭʽX QÍ . ʉʪʘʥ ʧʨʦʮʝʩʫ ʥʘ ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʢʦʥʪʨʦʣʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʚʝʢʪʦʨʦʤ { }ii p,p 21  ʜʣʷ 

ʜʚʦʭʘʣʪɹʝʨʥʘʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʽ ʚʝʢʪʦʨʦʤ { }iii p,p,p 321  ʜʣʷ ʪʨʴʦʭʘʣʴʪʝʨʘʪʠʚʥʦʛʦ: 

 

 ( )ñ
QÍ

=
i
jdʚʠʭʽX

ʚʠʭʽʚʠʭʽ

i

j
XdXp b ,  (2.32) 

 

ʜʝ ( )ʚʠʭʽXb  ï ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ i-ʛʦ ʧʽʜʧʨʦʮʝʩʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʤʘʪʨʠʮʽ ʧʝʨʝʭʦʜʽʚ { }i

jkp  ʙʫʜʫʪʴ ʤʘʪʠ ʨʦʟʤʽʨʥʦʩʪʽ [2,2] ʽ [3,3]. 

ʇʨʠʡʤʘʶʯʠ ʨʽʰʝʥʥʷ, ʦʧʝʨʘʪʦʨ ʈʎʊʇ ʟʚʫʞʫʻ ʧʽʜʤʥʦʞʠʥʫ { }n..,lL 1== nn  

ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ. ʂʦʞʝʥ ʟ ʪʘʢʠʭ ʰʣʷʭʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʘ ʚʪʨʘʪʘʤʠ. ʂʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʝʪʠ ʧʨʦʮʝʩʫ ʪʘ ʦʙʤʝʞʝʥʴ. ɼʣʷ ʙʘʻʩʽʚʩʴʢʠʭ ʟʘʜʘʯ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʻ ʢʨʠʪʝʨʽʡ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʠʟʠʢʫ. ʅʘ ʡʦʛʦ ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʤʝʞʽ ʧʘʨʘʤʝʪʨʽʚ i
jd

Q . ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

 

[ ] () ()[ ]nnnn lglPmin:l
i
jd

i
jd

~
Q

Q ,                                   (2.33) 
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ʜʝ n~l  ï ʦʧʪʠʤʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ (ʰʣʷʭ), ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ 

ʰʫʢʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʤʝʞ ʧʘʨʘʤʝʪʨʽʚ 
ùú

ø
éê

èQ i
jd
, ʟʘ ʷʢʠʤʠ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ 

( [ ]N,i 1Í  ï ʽʥʜʝʢʩ ʧʽʜʧʨʦʮʝʩʫ; 

[ ]im,j 1Í  ï ʽʥʜʝʢʩ ʨʽʰʝʥʥʷ;  

im  ï ʢʽʣʴʢʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ i-ʤʫ ʢʨʦʮʽ); 

()nlP  ï ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʰʣʷʭʫ nl ; 

()nn lg  ï ʚʪʨʘʪʠ ʥʘ ʰʣʷʭʫ nl . 

ʈʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʰʣʷʭʫ nl . ʄʝʪʦʜʠʢʘ 

ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʨʠʟʠʢʫ (ʫʩʝʨʝʜʥʝʥʠʭ ʚʪʨʘʪ) ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ n~l  ʧʨʠ 

ʚʠʟʥʘʯʝʥʽʡ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

1. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʩʪʽ P1 ʽ ʚʪʨʘʪ g1 ʜʣʷ ʰʣʷʭʫ 1l . 

2. ʈʦʟʨʘʭʫʥʦʢ ʫʩʝʨʝʜʥʝʥʠʭ ʚʪʨʘʪ 11min gPG ¶=  ʽ 1~ ll =n . 

4. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʩʪʽ Pɜ ʽ ʚʪʨʘʪ gɜ ʜʣʷ ʰʣʷʭʫ nl . 

5. ʗʢʱʦ yy gPG ¶>min , ʪʦ yy gPG ¶=min  ʽ 1~ ll =n . 

6. ʗʢʱʦ nv< , ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʦʚʠʭ ʡʤʦʚʽʨʥʦʩʪʽ Pɜ ʽ 

ʚʪʨʘʪ gɜ ʜʣʷ ʰʣʷʭʫ nl . 

ʁʤʦʚʽʨʥʽʩʪʴ ( )ʚʠʭʽv XlPP /n=  ʽ ʚʪʨʘʪʠ ( )ʚʠʭʽX/lg nn  ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʥʫ ʈʎʊʇ ʚʠʭʽX  ʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʦʪʞʝ ʻ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʤʠ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ n~l . ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ( )ʚʠʭʽ~ X/lnb  ʟʘʧʠʰʝʤʦ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʚ ʘʣʛʝʙʨʘʾʯʥʽʡ 

ʬʦʨʤʽ [21]: 
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ʇʝʨʝʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʥʘ ʦʧʝʨʘʪʦʨʥʫ [21] ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ( )ʚʠʭʽ~ X/lnb  ʥʘ ʦʩʥʦʚʽ ()Pb  ʽ ( )nb ~g . ʋ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʦ ʦʧʝʨʘʪʦʨʥʽ 

ʤʦʜʝʣʽ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʽ ʦʧʝʨʘʪʦʨʥʦʾ ʤʦʜʝʣʝʡ.  

ɺʠʟʥʘʯʠʤʦ ʤʘʪʨʠʮʶ ʧʝʨʝʭʦʜʽʚ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ: 
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XdXlp                                   (2.35) 

 

ɿʘʧʠʰʝʤʦ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʞ ʧʘʨʘʤʝʪʨʽʚ 
ijdQ  ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ 

ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʽ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ. ʆʩʥʦʚʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʤʦʜʝʣʴ 

ʈʊʇ. ɸʣʛʦʨʠʪʤ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.1. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʆʧʝʨʘʪʦʨʥʽ ʤʦʜʝʣʽ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʇɿɼ 

ɽʣʝʤʝʥʪ 

 ʤʦʜʝʣʽ 

ɸʣʛʦʨʠʪʤʽʯʥʘ 

ʬʦʨʤʘ  
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ɺʠʢʦʨʠʩʪʘʻʤʦ ʜʘʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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2.2.2 ʅʝʚʠʟʥʘʯʝʥʠʡ ʮʠʢʣʽʯʥʠʡ ʛʨʘʬ ʷʢ ʤʦʜʝʣʴ ʨʦʟʛʘʣʫʞʝʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʈʦʟʛʘʣʫʞʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʽ ʧʝʨʝʚʘʞʥʦ ʤʘʻ ʜʠʩʢʨʝʪʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʦʙʨʘʟʠʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʛʨʘʬʘ, ʧʨʠʢʣʘʜ ʷʢʦʛʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.7.  

 
 

ɺʝʨʰʠʥʠ ʛʨʘʬʘ ʧʦʟʥʘʯʘʶʪʴ ʧʝʚʥʠʡ ʩʪʘʥ ʈʊʇ, ʧʝʨʝʭʦʜʠ ï ʧʨʦʮʝʩ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʚʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʈʊʇ, ʧʽʜʛʨʘʬ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ çʤʠʥʫʣʦʤʫè ï 

ʬʘʢʪʠʯʥʠʡ ʧʦʧʝʨʝʜʥʻ ʚʠʢʦʥʘʥʥʷ ʈʊʇ, ʧʽʜʛʨʘʬ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ çʤʘʡʙʫʪʥʴʦʤʫè ï 

ʧʨʦʛʥʦʟ ʚʠʢʦʥʘʥʥʷ ʈʊʇ. 

ʇʦʟʥʘʯʠʤʦ ʛʨʘʬ G[S,A], ʜʝ S ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ (ʩʪʘʥʽʚ ʈʊʇ), A ï ʤʥʦʞʠʥʘ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. ʆʙʝʨʝʤʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʠʩ ʤʥʦʞʠʥʠ A ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ. 
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S8 

ɺʠʢʦʥʘʥʘ ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʤʘʡʙʫʪʥʻ 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʛʨʘʬʘ ʈʊʇ: 

ʌʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ; 

ɺʘʨʽʘʥʪʠ ʤʘʡʙʫʪʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ; 

ʇʨʦʮʝʩ, ʷʢʠʡ ʤʽʛ ʙʠ ʚʽʜʙʫʪʠʩʷ ʟʘ ʽʥʰʠʭ ʨʽʰʝʥʴ. 

t 
t0 

tn 



70 

 

ʂʦʞʝʥ ʧʝʨʝʭʽʜ ʤʽʞ ʩʪʘʥʘʤʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʪʨʘʪʘʤʠ ijc  ʽ ʯʘʩʦʤ ʡʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ ijt , ʜʝ i ï ʥʦʤʝʨ ʚʝʨʰʠʥʠ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ; j ï ʥʦʤʝʨ ʚʝʨʰʠʥʠ 

ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʥʫ. ʂʦʞʝʥ ʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ iX , ʽ 

ʚʽʜʧʦʚʽʜʥʠʤ ʝʬʝʢʪʦʤ / ʚʪʨʘʪʘʤʠ iq . 

ʇʝʨʝʭʽʜ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʮʴʦʛʦ ʥʘʧʨʠʢʽʥʮʽ ʦʧʝʨʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʈʊʇ ʽ ʫʤʦʚ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʪʦ ʥʝʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʝʥʠʤʠ ʻ ʷʢ ʩʘʤʽ ʨʽʰʝʥʥʷ, ʪʘʢ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʈʊʇ. 

ʇʘʨʘʤʝʪʨʠ ʽ ʫʤʦʚʠ ʈʊʇ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʬʫʥʢʮʽʻʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɓ, ʷʢʘ 

ʫʟʘʛʘʣʴʥʶʻ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʬʫʥʢʮʽʶ 

ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʜʘʥʠʭ [15]. ɺʽʜʧʦʚʽʜʥʦ ʧʝʚʥʘ ʙʘʛʘʪʦʢʨʦʢʦʚʘ ʩʪʨʘʪʝʛʽʷ 

ʫʧʨʘʚʣʽʥʥʷ ʈʊʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʩʝʨʝʜʥʽʤ ʝʬʝʢʪʦʤ / ʚʪʨʘʪʘʤʠ 

(ʨʠʟʠʢʦʤ): 
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ɸʜʠʪʠʚʥʘ ʬʦʨʤʘ (2.25) ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʜʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʈʊʇ 

ʷʢ  ʜʦʜʘʚʘʥʥʷ ʜʦ ʛʨʘʬʘ ʩʪʘʥʽʚ ʥʦʚʠʭ ʚʝʨʰʠʥ ʽ ʨʝʙʝʨ (2.26): 

 

0tt= ; 

{ }OStDSG /= ;),,( 0 ; 

                                ( ){ }s,S:D:s)t,D,S(G)tȹt,D,S(G "Ç=+ ,    (2.37) 

ttt D+= , ntt¢ , 

 

ʜʝ S ï ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʫ ʤʦʤʝʥʪ t ( ʫ ʤʦʤʝʥʪ t0 ʮʷ ʤʥʦʞʠʥʘ 

ʤʩ̔ʪʠʪʴ ʦʜʠʥ ʝʣʝʤʝʥʪ S0 ï ʨʝʘʣʴʥʠʡ ʩʪʘʥ);  

D ï ʤʥʦʞʠʥʘ ʧʨʦʮʝʩʽʚ ʨʝʘʣʽʟʘʮʽʾ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʈʊʇ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʈʊʇ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʘ ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʶ ʚ 

ʨʘʟʽ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʈʊʇ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʧʝʨʘʮʽʡ 

ʥʘʜ ʥʝʚʠʟʥʘʯʝʥʠʤ ʛʨʘʬʦʤ: 

1. ʇʦʰʫʢ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ root [G] = S0 : {x" (x, S0)=Å}. 

2. ʇʦʰʫʢ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʫ terminal [G] = S0 : {x" ( S0,x)=Å}. 

3. ʆʧʝʨʘʮʽʷ ʚʠʣʫʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʠ }){\,(1 iaASG = . 

4. ʆʧʝʨʘʮʽʷ ʚʠʣʫʯʝʥʥʷ ʩʪʘʥʫ ( ) ( ) {} { }.,,\,, 0000111 ö
÷

õ
æ
ç

å= " ii
i

eevGEVGEVG  

5. ʆʧʝʨʘʮʽʷ ʦʙ'ʻʜʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ ),( 2121211 AASSGGG ÇÇ=Ç= . 

6. ʆʧʝʨʘʮʽʷ ʚʚʝʜʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʠ }),{,(1 eEVG Ç= ʜʝ ),( vu SSa= . 

7. ʆʧʝʨʘʮʽʷ ʚʚʝʜʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʩʪʘʥʫ ]),[],[],/[,(1 vkkuvuAsSG k ÇÇÇ= . 

8. ʆʧʝʨʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʧʦʚʥʝʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ 

( ).,\ 111 AASSGG ÇÇ=  

9. ɸʛʨʝʛʫʚʘʥʥʷ ʩʪʘʥʽʚ Su, Sv 

[ ] [ ]),:],,([]),[:,,(\\1 aauaauv SSSSSSASSSSSGG qqxx qx $"Ç$ÇÇ= . 

10. ʆʧʝʨʘʮʽʷ ʨʦʟʜʚʦʻʥʥʷ (ʨʦʟʱʝʧʣʝʥʥʷ) ʩʪʘʥʫ  

[ ] [ ] ]),[,],[],[\,\,\ 000000001

IIIIII

a

III SSSSSSASSSSG Ç"Ç"Ç"ÇÇ= xxxxx . 

11. ʆʧʝʨʘʮʽʷ ʟ'ʻʜʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ 

( ){ }( ).,:,, 221121212121 VvVvvvEEEVVGGGG ÍÍÇÇÇ=Ç=   

ɺ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʘ ʈʊʇ ʪʘ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʨʠʟʠʢ (2.36) ʫ ʨʝʢʫʨʩʠʚʥʽʡ ʬʦʨʤʽ: 

 

( ) ()
ù
ù
ú

ø

é
é
ê

è
-+= ññ
¤+

¤-

¤

---- iiiiiiiiiii dqqqdcccRR bb
0

,1,1,11 .                     (2.38) 

 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʛʨʘʬʘ G[S,A] ʟʫʤʦʚʣʝʥʘ ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ: 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʦʜʽʚ, ʷʢʘ ʟʫʤʦʚʣʶʻ ʨʠʟʠʢ (2.36); 
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ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʙʦʨʫ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ. 

ʆʮʽʥʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʾ 

ʦʧʝʨʘʮʽʾ. 

ɺ ʦʧʝʨʘʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ [2] ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʠʟʠʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

 

( ) ()( )( )()iiiii qcRR bbbb ,11
3

--F= ,                                    (2.39) 

 

ʜʝ ʌ ï ʦʧʝʨʘʪʦʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʦʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʚʠʧʣʠʚʘʻ ʟ ʚʠʨʘʟʫ 

                                                 () () ()[ ]XY n bb F= .  (2.40) 

 

ʘʙʦ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ: 

 

 () () ( )[ ]m

n

ii xxxy ,..., 21bb F= , ki ...1= ,  

 

ʜʝ Y ï ʚʝʢʪʦʨ ʩʪʘʥʽʚ (ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ) ʩʠʩʪʝʤʠ ʨʦʟʤʽʨʥʽʩʪʶ k;  

X ï ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ ʚʧʣʠʚʽʚ ʨʦʟʤʽʨʥʽʩʪʶ m;  

()nF  ï ʚʝʢʪʦʨ ʦʧʝʨʘʪʦʨʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʬʫʥʢʮʽʡ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʦʟʤʽʨʥʽʩʪʶ k;  

n ï ʧʦʨʷʜʦʢ ʦʧʝʨʘʪʦʨʽʚ. 

ʆʧʝʨʘʪʦʨʠ ʤʦʜʝʣʽ (2.40) ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

 

()
()

[ ]( )( ) ( )ñ ñ
W W

=
1

1

121 ,...,,,
m

m

ji

n

m

n

mxxi

n

i dxdxxxxRXyy 23 bfb , (2.41) 

 

ʜʝ ä
=

=
m

j
jnn

1
 ï ʧʦʨʷʜʦʢ ʦʧʝʨʘʪʦʨʘ (ʢʨʘʪʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ);  
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[]¶f  ï ʷʜʨʦ ʧʝʨʝʪʚʦʨʝʥʥʷ;  

ji xxR  ï ʢʦʨʝʣʷʮʽʡʥʘ ʤʘʪʨʠʮʷ. 

ɺ [38] ʚʠʟʥʘʯʝʥʽ ʦʧʝʨʘʮʽʾ ʟ ʫʟʘʛʘʣʴʥʶʶʯʦʶ ʬʫʥʢʮʽʻʶ ï ʫʥʘʨʥʘ, ʙʽʥʘʨʥʘ 

ʦʧʝʨʘʮʽʾ, ʦʧʝʨʘʮʽʾ ʧʦʨʽʚʥʷʥʥʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘʛʦʩʪʨʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʫʥʘʨʥʦʾ ʦʧʝʨʘʮʽʾ 1o  ʥʘʜ ʥʝʚʠʟʥʘʯʝʥʠʤ ʜʘʥʠʤ 11 Bx Í  ʻ ʪʘʢʝ 

ʥʝʚʠʟʥʘʯʝʥʝ ʜʘʥʝ, ʜʣʷ ʷʢʦʛʦ:  

 

 ,)()( ññ =
12 B

11
B

22 dxxdxx bb                                    (2.42) 

 

ʧʨʠʯʦʤʫ BBB,B ËË 21 ,  )(xoxx:B 1
1

211 =" . 

 

                          [ ] ,)()()( )1(
ñ
+¤

¤-

== y)dx(x,xy)N(x,,xʌy xxy jbbb               (2.43) 

 

ʜʝ ̫ʜʨʦ [ ]N(x)-yyx, dj =)(  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ.  

ɯʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʦʧʝʨʘʮʽʷ: 

 

 ,)ñ
¤+

¤-

-=F= nn
(n)(1)

XnXX
(n)

Y dx,y,ɤ(x(t))m(xɓ(x) ɓ(y) ɓ j

 

( )

,dd)Űg(i)Űi(tama)(1ŭ

m
1n

)ɤ,,(

1n1

1n

1i
1n

)1(

1n

1i

)1(
1

(n)

-

-

=
-

+¤

¤-

-

=

+¤

¤-

ù
ú

ø
é
ê

è
----³

³-
-

=

ä

ñÔñ

xxxy

xyx

Y

XX

3

3
bj

 

 

ʜʝ n=ent[t/ tD ];  

ä
-

=

=
1n

1i

2
0

)2(

)2(

)Ű(igDŰ

D
a

X

Y ;  
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g(t) ï ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ;  

ñ
D+

D
D
=D

Ű)1(

Ű

0 Ű)Ű(
Ű

1
)Ű(g

i

i

dgi ; tD  ï ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʙʽʥʘʨʥʦʾ ʦʧʝʨʘʮʽʾ 2o  ʥʘʜ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʜʘʥʠʤʠ 11 Bx Í  ʽ 

22 Bx Í  ʻ ʪʘʢʝ ʥʝʚʠʟʥʘʯʝʥʝ ʜʘʥʝ 33 Bx Í , ʜʣʷ ʷʢʦʛʦ: 

 

                       ,dx)dx,xɓ(x)dxɓ(x

B BB

ñññ =

1 23

212133                                            (2.44) 

 

ʧʨʠʯʦʤʫ BBB,BB,B ËËË 321 ,  2
2

13213 xɞxx,xx:B =" . 

 

                          ,dd),,()()()( 2121

(2)

21ññ
+¤

¤-

+¤

¤-

= xxyxxxxy XXY jbbb                              (2.45) 

 

ʜʝ [ ] ( ) ( )ñ
¤+

¤- ù
ù

ú

ø

é
é

ê

è
-------= dɕmmxrmx

D

D
rɝŭ,ɕɕN(xyŭ,y),x(x

)(
X

)(
X,XX

)(
X)(

X

)(
X

,XX
)( 1

2
1
22

2
21

1
112

1

2
2

21121
2 1j ;  

mx1 ï ʧʝʨʰʠʡ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ X1;  

mx2 ï ʧʝʨʰʠʡ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ X2;  

Dx1 ï ʜʨʫʛʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ X1;  

Dx2 ï ʜʨʫʛʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ X2;  

rX1,X2  ï ʜʨʫʛʠʡ ʟʤʽʰʘʥʠʡ ʥʦʨʤʦʚʘʥʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ X1 ʪʘ X2.  

ɺʽʜʥʦʰʝʥʥʷ ʨʽʚʥʦʩʪʽ: ʥʝʚʠʟʥʘʯʝʥʽ ʜʘʥʽ x, y ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʠʤʠ, ʷʢʱʦ 

YX bb = . 

ɺʽʜʥʦʰʝʥʥʷ ʥʝʨʽʚʥʦʩʪʽ: ʜʣʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ʜʘʥʠʭ X >  Y ʷʢʱʦ YXZ -=  ʽ  

 

 .
0

0

ññ
¤-

+¤

> dzdz ZZ bb                                      (2.46) 
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ʅʝʚʠʟʥʘʯʝʥʝ ʜʘʥʝ ʭô ʻ ʟʘʛʦʩʪʨʝʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʜʘʥʦʛʦ ʭ ʷʢʱʦ: 

'xx XX = `, ʜʝ ʍ ï ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʋʌ; 

ʄʭ = ʄʭ̀, ʜʝ ʄ ï ʤʦʜʘ ʋʌ; 

$ [a,b]: );()(),(];,[ '` xxbaxbaM XXX bbÍ"Í  )()()()( ' xxbxax XX bb ==Ù= . 

ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʥʘ 

ʨʦʟʛʣʥ̫ʫʪʽ ʪʨʠ ʪʠʧʠ ʧʝʨʝʪʚʦʨʝʥʴ. 

ɺʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʈʊʇ X ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʪʝʨʘʮʽʡʥʦʾ 

ʧʨʦʮʝʜʫʨʠ: 

 

while X-X0>e do {"i : X:=X0*A i*W
T
; X0:=X},                      (2.47) 

 

ʜʝ Ai ï ʚʝʢʪʦʨ-ʨʷʜʦʢ ʤʘʪʨʠʮʽ A;  

W ï ʦʧʝʨʘʪʦʨ ʧʨʠʡʥʷʪʪʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʨʽʰʝʥʥʷ. 

ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ A ʚ ʩʠʩʪʝʤʽ ʟ ʚʠʟʥʘʯʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʡʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ {aij=(0/1)}. ʋ ʥʝʚʠʟʥʘʯʝʥʦʤʫ ʛʨʘʬʽ ʦʧʠʰʝʤʦ ʟʚôʷʟʦʢ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʋʌ ʥʘ ʧʨʦʤʽʞʢʫ [0,1]. ʇʦʟʥʘʯʠʤʦ  

b(Ai)={b(aij)} 

b(X)={b(xj)} 

ʊʦʜʽ ʚ ʦʧʝʨʘʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ (2.47) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

 

while b(X-X0)>e do  

{" i : b(X):= {F(n)
(W)}

T
 [F(2)

[b(X0),b(Ai)]]; b(X0):= b(X)}.            (2.48) 

 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʛʨʘʬʘ G[S,A] ʷʢ ʤʦʜʝʣʽ ʈʊʇ ʚ ʩʠʩʪʝʤʽ 

ʧʜ̔ʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʧʦʚʥʠʤʦ ʡʦʛʦ ʤʘʪʨʠʮʷʤʠ ] [[ ])(,)( ,, jiRRjiAɸ rMaM bb , 

ʜʝ Ab - ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʤʽʞ ʩʪʘʥʘʤʠ, Rb  - ʬʫʥʢʮʽʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʠʟʠʢʫ ʧʝʨʝʭʦʜʫ. ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʄ ʩʧʨʘʚʝʜʣʠʚʘ ʫʤʦʚʘ: 

  

                                                " i : Sb(ʘij) = 1.                                                (2.49) 
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ʊʦʜʽ ʫ ʚʠʧʘʜʢʫ ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʽʰʝʥʴ ʚ ʦʢʨʝʤʠʭ ʩʪʘʥʘʭ ʽ ʘʜʠʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʾ 

ʚʪʨʘʪ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʈʊʇ: 

 

                                                   n

aʄɺ= .                                                      (2.50) 

 

ʄʦʜʝʣʴ ʈʊʇ ʫ ʚʠʛʣʷʜʽ ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʛʨʘʬʘ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʚʠʟʥʘʯʝʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʥʘʜ ʛʨʘʬʘʤʠ ʪʘ ʦʧʝʨʘʪʦʨʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʭʫʥʢʫ ʬʫʥʢʮʽʡ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʦʜʽʚ ʻ ʟʨʫʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʉʇʇʈ ʚ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʈʊʇ. 

 

2.2.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʮʠʢʣʽʯʥʦʩʪʽ 

ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʦ ʮʠʢʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʧʨʦʧʦʥʫʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʈʎʊʇ ʥʘ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʡʦʤʫ ʘʮʠʢʣʽʯʥʠʡ. ʉʭʝʤʘ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.8. 

ʉʫʪʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʥʥʽ ʢʦʞʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʠʢʣʫ ʷʢ 

ʚʽʜʛʘʣʫʞʝʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʮʝʩʫ (ʧʽʜʧʨʦʮʝʩʫ), ʧʝʨʝʭʽʜ ʜʦ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʧʦʧʝʨʝʜʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʅʘ ʨʠʩ. 2.8 

ʧʫʥʢʪʠʨʥʠʤʠ ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʦʧʝʨʘʮʽʡ ʧʦʧʝʨʝʜʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʠʢʣʫ ʥʘ 

ʦʧʝʨʘʮʽʾ ʥʘʩʪʫʧʥʦʾ ʨʝʘʣʽʟʘʮʽʾ.  



77 

 

 

ʅʘ ʦʩʥʦʚʽ ʨʠʩ. 2.8, ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʨʘʬʘ ʨʦʟʛʘʣʫʞʝʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʘʮʠʢʣʽʯʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʪʠʤʦʾ ʢʨʘʪʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ, ʚ ʷʢʦʤʫ ʟʘ ʨʘʭʫʥʦʢ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ ʪʘ 

ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʪʥʦʩʪʽ ʮʠʢʣʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ 

ʪʝʭʥʦʣʦʛ̔ʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʠʧʫ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [15, 27]. 

ʅʘ ʨʠʩ. 3.4 ʚ ʧ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʘʮʠʢʣʽʯʥʠʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʪʠʤʦʾ ʢʨʘʪʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ. 

ʉʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʦʙʨʘʞʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʟ 

ʧʦʟʥʘʯʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʮʠʢʣʽʚ ʪʘ ʨʦʟʛʘʣʫʞʝʥʴ.  

2. ʇʦʜʘʶʪʴ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

( )NNG ,  ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʤʧôʶʪʝʨ, ʜʝ G ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ, N ï 

ʢ̔ʣʴʢʽʩʪʴ ʚʝʨʰʠʥ.  
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3. ɿʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʤʥʦʞʠʥʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʮʠʢʣʽʚ, ʧʦ ʷʢʠʭ ʤʦʞʝ 

ʧʨʦʪʢ̔ʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ }..1,{ NiCi = , ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ 1 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʜʝ ʉ̔ ï ʮʠʢʣ.  

4. ɺʚʦʜʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʢʨʘʪʥʽʩʪʴ ʢʦʨʝʥʽʚ ʮʠʢʣʫ iR  ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʠʡ 

ʢʦʤʧôʶʪʝʨ. ɺʝʜʝʥʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʜʭʦʜʷʪʴ ʚ ʙʣʦʢ 2, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʩʪʚʦʨʝʥʥʷ ʤʘʩʠʚʫ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʨʰʠʥ ʨʦʟʽʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʮʠʢʣʫ.  

5. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʫ 3, ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ 

ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʘ G: 
ii knNN Ö+= , ʜʝ ni ï ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʚ -̔ʪʦʤʫ ʮʠʢʣʽ, ki ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʪʦʨʝʥʥʷ i-ʛʦ ʮʠʢʣʫ.  

6. ʊʦʜʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ, ʱʦ 

ʟʜʽʡʩʥʶʻ ʙʣʦʢ 4, ʚʠʛʣʷʜʘʻ ʪʘʢ: 1:]1)1(],[[ =+-+ jnNnCG iii
.  

7. ʇʽʩʣʷ ʮʴʦʛʦ, ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʤʧôʶʪʝʨ ʚʚʦʜʷʪʴ ʥʦʚʫ 

ʟʤʽʥʥʫ )1..(1 -= ikj , ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚ ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʨʘʪʥʦʩʪʽ ʧʦʚʪʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʟʤʽʥʶʶʪʴ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʚ ʮʠʢʣʽ 1:]1,[ =+Ö+Ö+ jnNjnNG ii
.  

8. ʅʘ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʤʧôʶʪʝʨ ʧʦʜʘʶʪʴ ʜʚʘ ʥʦʚʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʠ: 

inf ..1=  ʪʘ iNe ..1=  ʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ 

ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʚ -̔ʪʦʤʫ ʮʠʢʣʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʚ ʛʨʘʬʽ, ʧʦʩʣʽʜʦʚʥʦ, ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʥʘʜʭʦʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʶʪʴ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ 

]],[[:],[ efCGefjnNG ii =+Ö+ .  

9. ʇʽʩʣʷ ʮʴʦʛʦ, ʚʩʽ ʦʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʶʪʴ ʚ ʙʣʦʢ ʩʪʚʦʨʝʥʥʷ ʤʘʩʠʚʫ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʨʰʠʥ ʨʦʟʽʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʮʠʢʣʫ ʪʘ 

ʟʜʡ̔ʩʥʶʶʪʴ ʚʩʽ ʚʠʱʝ ʦʧʠʩʘʥʽ ʢʨʦʢʠ ʜʦʪʠ, ʧʦʢʠ ʽʩʥʫʻ ʮʠʢʣʽʯʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ.  

10. ʗʢʱʦ ʮʠʢʣʽʯʥʽʩʪʴ ʟʥʠʢʣʘ ï ʚʚʘʞʘʶʪʴ, ʱʦ ʛʨʘʬ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʘʮʠʢʣʽʯʥʠʡ ʪʘ ʚʠʚʦʜʷʪʴ ʟ ʙʣʦʢʫ 3 ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʘʪʨʠʮʶ 

ʩʫʤʽʞʥʦʩʪʽ. ʊʘʢʫ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʘʪʨʠʮʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʝʛʰʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʤʠ ʮʠʢʣʽʯʥʠʤʠ ʨʦʟʛʘʣʫʞʝʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [15]. 

ʇʨʝʜʩʪʘʚʠʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʈʊʇ ʜʦ ʮʠʢʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʨʘʭʦʚʫʶʯʠ  ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʡʦʤʫ ʘʮʠʢʣʽʯʥʠʡ. 

ʄʘʨʢʦʚʩʴʢʫ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʤʘʨʢʦʚʩʴʢʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ ʽ ʧʽʜʧʨʦʮʝʩʽʚ Pi. ɿʘ ʦʩʥʦʚʫ ʚʽʟʴʤʝʤʦ ʥʝʦʜʥʦʨʽʜʥʫ 

ʤʘʨʢʦʚʩʴʢʫ ʤʦʜʝʣʴ (2.26).  

ʅʘ ʨʠʩ. 2.9 ʟʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ ʛʨʘʬʘ ʟʤʽʥʠ ʩʪʘʥʽʚ ʦʧʝʨʘʮʽʾ. ʇʽʜ çʩʪʘʥʦʤè 

ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʾ. 

ʅʝʭʘʡ m ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ ʦʧʝʨʘʮʽʾ ʮʠʢʣʽʯʥʦʛʦ ʈʊʇ. 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ijb  ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʦʧʝʨʘʮʽʾ ʽʟ ʩʪʘʥʫ iS  ʚ ʩʪʘʥ jS . ʊʦʜʽ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʦʧʝʨʘʮʽʾ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ 

(2.20). 
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ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʻ ʟʤʽʥʥʠʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʟʘʻʤʥʠʤ 

ʚʧʣʠʚʦʤ ʦʧʝʨʘʮʽʡ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʧʽʜʧʨʦʮʝʩʽʚ, ʪʦ ʤʘʨʢʦʚʩʴʢʘ ʤʦʜʝʣʴ 

ʮʠʢʣʽʯʥʦʛʦ ʈʊʇ ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ.  

ɺ [21] ʥʘʚʝʜʝʥʘ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ 

ʜʚʦʭ ʧʽʜʧʨʦʮʝʩʽʚ 
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nn , mjinv ...1,,...1 == ,  (2.51) 

 

ɺʨʘʭʦʚʫʶʯʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʈʎʊʇ ʽ ʪʝ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʦʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʭʽʜ ʘʥʘʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ, ʪʦʙʪʦ 1-=vl , ʤʦʜʝʣʴ (2.51) ʩʧʨʦʱʫʻʪʴʩʷ 
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ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʥʦʤʝʨ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʷʢ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ X. ʊʦʜʽ 

ʤʦʜʝʣʴ (2.51) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʧʽʜʧʨʦʮʝʩʫ v-2, ʪʦ ʦʪʨʠʤʘʻʤʦ 

 

( ) ( ) ( ) ( ) ( )( )ä ä
= =

-
-
----

ý
ü
û

í
ì
ë

ù
ú

ø
é
ê

è
Ö+Ö=

m

i

m

r
rvhi

rv
vhivivhv XbXXcXXcXbXb

1 1
2

,2
1

00
111

~
,,

~~ . (2.53) 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.52) ʽ (2.53) ʻ ʤʦʜʝʣʷʤʠ ʨʽʟʥʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʧʽʜʧʨʦʮʝʩʫ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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ʇʽʜʩʪʘʚʣʷʻʤʦ (2.53) ʚ (2.52) ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.54) ʦʪʨʠʤʫʻʤʦ 
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ʋʟʘʛʘʣʴʥʠʚʰʠ (2.55), ʦʪʨʠʤʫʻʤʦ 
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ʊʦʙʪʦ, (2.56) ʻ ʨʝʢʫʨʩʠʚʥʦʶ, ʟ ʛʣʠʙʠʥʦʶ ʨʝʢʫʨʩʽʾ h-1. ɺʠʭʽʜ ʟ ʨʝʢʫʨʩʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʣʠ h=1, ʪʘʢ ʷʢ ʪʦʜʽ h-1 = 0, ʘ ʙʫʜʴ-ʷʢʝ ʯʠʩʣʦ ʚ ʩʪʝʧʝʥʽ 0 ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 1.   

ʅʘ ʦʩʥʦʚʽ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ ʮʠʢʣʽʯʥʦʛʦ 

ʈʊʇ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  

 

 

2.3 ɸʥʘʣʽʟ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

 

ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʘ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʜʝʣʽ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʤʦʛʘ 
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ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʽ ʦʙôʻʢʪʘ [175]. ʅʝʧʨʷʤʽ ʤʝʪʦʜʠ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʷʤʽ ʤʝʪʦʜʠ ʧʝʨʝʚʽʨʢʠ ʥʝʤʦʞʣʠʚʽ ʘʙʦ ʥʝʜʦʮʽʣʴʥʽ. ʉʝʨʝʜ 

ʝʚʨʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʚʠʜʽʣʷʶʪʴ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʟʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʫ ʦʩʦʙʣʠʚʠʭ ʪʦʯʢʘʭ. ɿʘʩʪʦʩʫʻʤʦ ʘʩʠʤʧʪʦʪʠʯʥʫ 

ʧʝʨʝʚʽʨʢʫ ï ʧʝʨʝʚʽʨʢʘ ʥʘ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʙʫʜʝʤʦ ʧʝʨʝʚʽʨʷʪʠ ʥʘ ʢʨʘʡʥʽʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ: ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ ʥʘʩʪʫʧʥʠʡ. 

ʆʧʠʰʝʤʦ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ: 

( ) ( )
1

00

1

00 ,, cXXcXXc jivjiv == -
- ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ  v-ʛʦ ʧʽʜʧʨʦʮʝʩʘ ʟ i -ʛʦ ʚ j -ʡ 

ʩʪʘʥ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʥʰʠʭ ʧʽʜʧʨʦʮʝʩʽʚ;  

( ) ( )
2

,2

1

,1 ,, cXXcXXc ji

hv

vji

hv

v == -

-

-  - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ v-1-ʛʦ ʧʽʜʧʨʦʮʝʩʘ ʟ i -ʛʦ ʚj -

ʡ ʩʪʘʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ v-2-ʛʦ ʧʽʜʧʨʦʮʝʩʘ ʥʘ h-ʤʫ ʮʠʢʣʽ; 

jX  - ʥʦʤʝʨ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ;  

( )
jv Xb

~
 - ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ;  

m ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ;  

v ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ; i ï ʥʦʤʝʨ ʩʪʘʥʫ;  h ï ʥʦʤʝʨ ʮʠʢʣʫ 

bv-r  (Xi)ï ʚʽʨʦʛʽʜʥʽʩʪʴ v-ʛʦ ʧʽʜʧʨʦʮʝʩʫ ʥʘ r-ʤʫ ʮʠʢʣʽ. 

ʇʨʠʡʤʝʤʦ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 1, ʪʦʙʪʦ v+1 = 1, ʽ ʧʨʠ ʮʴʦʤʫ h = 1...1. 

ʊʦʜʽ (2.56) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ  v-ʛʦ ʧʽʜʧʨʦʮʝʩʘ ʚj -ʡ ʩʪʘʥ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩ1 - ʚʽʨʦʛʽʜʥʽʩʪʽ ʧʝʨʝʭʦʜʫ v-ʛʦ ʧʽʜʧʨʦʮʝʩʘ ʚj -ʡ 

ʩʪʘʥ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʥʰʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ i-ʛʦ ʩʪʘʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ  ʈʎʊʇ ʽ ʪʝ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʦʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʭʽʜ ʘʥʘʣʦʛʽʯʥʦʾ 
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ʦʧʝʨʘʮʽʾ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ï  ʟʛʽʜʥʦ ʟ ʫʤʦʚʠ ʟʘʜʘʯʽ ï ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʽʭ 

ʧʽʜʧʨʦʮʝʩʽʚ ʚʽʜʩʫʪʥʽʡ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚʩʴʦʛʦ 1 ʮʠʢʣ. ʆʪʞʝ, ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʧʝʨʝʭʦʜʫ ʮʠʢʣʽʯʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʽʟ ʩʪʘʥʫ iS  ʚ ʩʪʘʥ jS  ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʣʠʰʝ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʮʠʢʣʫ.  

ʇʨʠ ʮʴʦʤʫ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ 

ʽʩʥʫʻ ʙʘʞʘʥʠʡ ʪʘ ʥʝʙʘʞʘʥʠʡ ʩʪʘʥʠ, ʷʢʽ ʚʽʥ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʞʝʤʦ ʩʽʤʝʡʩʪʚʘ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ ʩʪʘʥʽʚ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʽʣʴʢʦʩʪʝʡ ʮʠʢʣʽʚ ʥʘ ʨʠʩ. 2.9. 
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ʈʠʩʫʥʦʢ 2.9 ï ɿʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ ʥʘʩʪʫʧʥʠʡ  

 

ɿ ʨʠʩ. 2.9 ʚʠʜʥʦ, ʱʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ, ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʘʞʘʥʦʛʦ ï 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʊʦʙʪʦ, ʟ ʢʦʞʥʠʤ ʮʠʢʣʦʤ, ʧʽʜʧʨʦʮʝʩ ʙʫʜʝ ʧʨʠʜʘʪʥʽʰʠʤ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʙʘʞʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʝ ʧʨʷʤʫʚʘʪʠ ʜʦ 0 (ʙʫʜʝ ʧʨʠʡʤʘʪʠ ʥʘʩʪʽʣʴʢʠ ʤʘʣʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʙʫʜʝ 

ʧʨʠʨʽʚʥʷʪʠ ʜʦ 0). ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʽʨʦʛʽʜʥʽʩʪʶ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ, 

ʷʢʘ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ, ʙʫʜʝ ʧʨʷʤʫʚʘʪʠ ʜʦ 1. ʇʨʦʪʝ ʟʘʚʞʜʠ ʙʫʜʝ 

ʽʩʥʫʚʘʪʠ ʧʦʭʠʙʢʘ (ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʴ, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ, ʧʦʭʠʙʢʘ ʝʢʩʧʝʨʪʽʚ 

ʪʦʱʦ), ʪʦʤʫ ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ ʥʽʢʦʣʠ ʥʝ ʟʤʦʞʝ ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ 0 ʯʠ 1.      

ʆʪʞʝ, ʧʨʠ ʢʨʘʡʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʤʦʜʝʣʴ ʻ ʘʜʝʢʚʘʪʥʦʶ.  



84 

 

ʇʨʠʡʤʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʥʘʩʪʫʧʥʠʡ 2c = 0, 

ʪʦʜʽ (2.56) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ʗʢʱʦ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʪʦ (2.57) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

  

 ä
=

Ö=
m

i
ivjv XbʩXb

1
1 )()(

~
. (2.58) 

 

ɺʠʨʘʟ (2.58) ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʥʘʩʪʫʧʥʠʡ ʚʽʜʩʫʪʥʽʡ, ʘ ʦʪʞʝ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʮʠʢʣ 

(ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʧʨʦʮʝʩʽʚ ʥʝʤʘʻ). ʆʯʝʚʠʜʥʦ, ʱʦ ʚʩʽ ʽʥʰʽ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʽʚ ʥʝ 

ʜʦʨʝʯʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʟʤʽʥʶʶʪʴ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ. 

ʊʦʤʫ ʩʽʤʝʡʩʪʚʘ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ ʩʪʘʥʽʚ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ ʙʫʜʫʪʴ ʦʙʝʨʥʝʥʠʤʠ ʜʦ ʨʠʩ. 2.9. 

ʆʪʞʝ, ʧʨʠ ʢʨʘʡʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʦʜʝʣʴ ʻ ʘʜʝʢʚʘʪʥʦʶ.  

ʇʦʙʫʜʫʻʤʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʥʘ ʧʨʠʢʣʘʜʽ 3 

ʧʽʜʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 4 (ʨʠʩ. 2.10-

2.11), ʜʝ: 

S1ɸ Ƅ ʙʘʞʘʥʠʡ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɸ; 

S2ɸ Ƅ ʥʝʙʘʞʘʥʠ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɸ; 

S1ɹ Ƅ ʙʘʞʘʥʠʡ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɹ; 

S2ɹ Ƅ ʥʝʙʘʞʘʥʠʡ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɹ; 

S1ɺ Ƅ ʙʘʞʘʥʠʡ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɺ; 

S2ɺ Ƅ ʥʝʙʘʞʘʥʠʡ ʩʪʘʥ ʧʽʜʧʨʦʮʝʩʫ ɺ. 
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ʈʠʩʫʥʦʢ 2.10 - ɿʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʥʘ ʧʨʠʢʣʘʜʽ 

ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʽʜʧʨʦʮʝʩʽʚ 

 

ʇʦʢʘʞʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʚʠʢʦʥʘʥʥʷ ʥʘ ʨʠʩ. 2.11 ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ 2c . 

                    2c =0,5:                                                  2c =0,5 

  

2c =0,9: 

 

ʈʠʩʫʥʦʢ 2.11 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧ̔ ʜʧʨʦʮʝʩʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʚʠʢʦʥʘʥʥʷ ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ 
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ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ, ʚʧʣʠʚ ʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʧʽʜʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ. ʇʨʠ ʮʴʦʤʫ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ 

ʥʘʩʪʫʧʥʠʡ, ʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ï ʟʙʣ̔ʴʰʫʻʪʴʩʷ. 

ʇʦʢʘʞʝʤʦ ʩʽʤʝʡʩʪʚʘ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ 

ʩʪʘʥʽʚ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ 

ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʮʠʢʣʽ ʥʘ ʨʠʩ. 2.12. 
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ʈʠʩʫʥʦʢ 2.12 ï ɿʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ ʥʘʩʪʫʧʥʠʡ ʧʨʠ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʚʽʨʦʛʽʜʥʦʩʪʷʭ 

ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ 

 

ʇʦʢʘʞʝʤʦ ʩʽʤʝʡʩʪʚʘ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ 

ʩʪʘʥʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʮʠʢʣʽ ʥʘ ʨʠʩ. 2.13. 
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ʈʠʩʫʥʦʢ 2.13 - ɿʘʣʝʞʥʦʩʪʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʧʨʠ 

ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʚʽʨʦʛʽʜʥʦʩʪʷʭ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ 

 

ʈʠʩʫʥʢʠ 2.12-2.13 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ 

ʙʫʜʝ ʧʨʷʤʫʚʘʪʠ ʜʦ 1 ʟ ʰʚʠʜʢʽʩʪʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʚʽʨʦʛʽʜʥʦʩʪʽ. ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ, ʪʠʤ ʰʚʠʜʰʝ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ 1. ɯ ʥʘʚʧʘʢʠ ï ʯʠʤ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ, ʪʠʤ ʰʚʠʜʰʝ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʝ 

ʧʨʷʤʫʚʘʪʠ ʜʦ 0. 

ʆʪʞʝ, ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʦʙʣʝʥʫ ʤʘʨʢʦʚʩʴʢʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ.   

 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʚʠʟʥʘʯʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʛʨʘʬʘʭ ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʨʢʦʚʩʴʢʠʭ 

ʣʘʥʮʶʛʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ ʥʝʯʽʪʢʠʭ 
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ʦʮʽʥʦʢ ʚʪʨʘʪ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ. 

3. ɿʜʽʡʩʥʝʥʦ ʘʩʠʤʧʪʦʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʤʦʜʝʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘ ʢʨʘʡʥʽʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ: ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʥʘ ʥʘʩʪʫʧʥʠʡ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʦʙʣʝʥʫ 

ʤʘʨʢʦʚʩʴʢʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ.   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ [1-5, 8-9, 11-13, 15-30]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʉʊʈʋʂʊʋʈʀ ʊɸ ɸʃɻʆʈʀʊʄɯɺ ɯʅʌʆʈʄɸʎɯʁʅʆɰ 

ʊɽʍʅʆʃʆɻɯɰ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ 

ʈʆɿɻɸʃʋɾɽʅʆ-ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ 

 

3.1 ɸʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʫ ʨʦʟʜʽʣʽ 2 ʥʘʚʝʜʝʤʦ ʦʩʥʦʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  

ɿʘʧʠʰʝʤʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.1. 

ɸʣʛʦʨʠʪʤ 1 

1. ɿʘʜʘʪʠ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ:  

- ʤʦʜʝʣʽ ʧʽʜʧʨʦʮʝʩʽʚ Fi; 

- ʧʨʘʚʠʣʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ Ri; 

- ʬʫʥʢʮʽʶ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ( )i ʚʭi XC DD  ʽ ʬʫʥʢʮʽʶ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ 

( )i ʚʠʭi XP DD ; 

- ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ( )i i / ʚʠʭʚʠʭi XXDb . 

2. ɺʟʷʪʠ ʟʘ ʪʦʯʢʫ ʚʭʦʜʫ ʚ ʈʎʊʇ ʧʝʨʰʠʡ ʧʽʜ ʧʨʦʮʝʩ k=1. 

3. ɿʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʧʦʯʘʪʢʦʚʦʛʦ ʧʽʜʧʨʦʮʝʩʫ kʚʭX . 

4. ʇʦʯʘʪʠ ʟ ʧʝʨʰʦʛʦ ʧʽʜʧʨʦʮʝʩʫ (i=k). 

5. ʈʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʟʫʣʴʪʘʪʫ ʧʽʜʧʨʦʮʝʩʫ ),( .. iʽʚʭiʽʚʠʭ tXFX = . 

6. ɿʛʝʥʝʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ ʟʘ ʬʫʥʢʮʽʻʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

( )i i / ʚʠʭʚʠʭi XXDb . 

7. ɺʠʟʥʘʯʠʪʠ ʨʽʰʝʥʥʷ ʟʘ ʧʨʘʚʠʣʦʤ ),( . iʽʚʠʭii tXRd = . 
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8. ɺʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʧʽʜʧʨʦʮʝʩ ʟʘ ʧʨʘʚʠʣʦʤ )( iij dDs =  ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ. 

9. ʈʦʟʨʘʭʫʚʘʪʠ ʩʢʣʘʜʦʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ( )i ʚʭi XC DD   ̔  ti. 

10. ʗʢʱʦ ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʧʽʜʧʨʦʮʝʩ ʥʝ ʦʩʪʘʥʥʽʡ (nsij ¢ ), ʪʦ ʟʜʽʡʩʥʠʪʠ 

ʧʝʨʝʧʨʠʩʚʦʻʥʥʷ ʟʥʘʯʝʥʴ ( )ijsi =  ʽ ( )̔ʚʠʭsʚʭ XX
ij

.. =  ʽ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʫʥʢʪʫ 5. 

11. ʈʦʟʨʘʭʫʚʘʪʠ ʩʢʣʘʜʦʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʟʘʛʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ E. 

12. ʇʦʚʪʦʨʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʪʘʪʥʶ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ ʢʽʣʴʢʽʩʪʴ 

ʨʘʟʽʚ. 

13. ʆʙʨʘʪʠ ʨʽʰʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʫʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʯʝʨʛʦʚʦʤʫ 

ʝʪʘʧʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

14. ʗʢʱʦ ʈʎʊʇ ʥʝ ʟʘʢʽʥʯʝʥʠʡ, ʪʦ ʚʟʷʪʠ ʟʘ ʧʦʯʘʪʢʦʚʠʡ ʥʘʩʪʫʧʥʠʡ ʧʽʜʧʨʦʮʝʩ 

(inc(k)) ʽ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʫʥʢʪʫ 3. 

ɿʘʧʠʰʝʤʦ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʞ ʧʘʨʘʤʝʪʨʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.2.1, ʟʘ ʫʤʦʚʠ 

ʦʙʤʝʞʝʥʴ ʥʘ ʢʣ̔ʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʽ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ. 

ɸʣʛʦʨʠʪʤ 2 

1. ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ i-ʛʦ ʧʽʜʧʨʦʮʝʩʫ 

( )ʚʠʭʽXb . 

2. ɺʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʰʣʷʭʽʚ ʟʘʚʝʨʰʝʥʥʷ ʈʎʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ. 

3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚ 

i

i

j
m

:j,i
1

=" b . 

4.  ʈʦʟʨʘʭʫʥʦʢ ʚʝʢʪʦʨʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ [ ]ijp  ʟʘ (2.22). 

5.  ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʩʪʽ ʢʦʞʥʦʛʦ ʰʣʷʭʫ Pɜ. 

5.1. ʗʢʱʦ ʩʫʤʘ ʤʦʜʫʣʽʚ ʨʽʟʥʠʮʴ [ ]i
jp  ʧʦʪʦʯʥʦʛʦ ʽ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʨʦʢʽʚ ʽʪʝʨʘʮʽʾ ʤʝʥʰʘ Ů, ʪʦ ʚʠʭʽʜ. 
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5.2. ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʴ ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʽʞ 

ʪʦʯʢʘʤʠ ʨʦʟʛʘʣʫʞʝʥʴ ʈʎʊʇ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ (2.21), 

ʧʝʨʝʪʚʦʨʝʥʠʭ ʥʘ ʦʧʝʨʘʪʦʨʥʫ ʬʦʨʤʫ. 

5.3. ʈʦʟʨʘʭʫʥʦʢ ʤʘʪʨʠʮʽ ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ [ ]i

jkp  ʟʘ (2.24). 

5.4. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʭʦʜʽʚ [ ][ ][ ]iji

jk

i

k ppp = . 

5.5. Ô
Í

=
n

n
lk,i

i

kpP . 

6. ʈʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʥʘ ʢʦʞʥʦʤʫ ʰʣʷʭʫ: 

6.1. ɿʥʘʭʦʜʞʝʥʥʷ ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʪʨʘʪ 

( ) ( )[ ] ( )i

ʚʭ

i

ʚʭ

iii XXGgg bb nn Ö=F= . 

6.2. ʇʝʨʝʪʚʦʨʝʥʥʷ () ä
Í
=

n

nnn
li

iglg  ʥʘ ʦʧʝʨʘʪʦʨʥʫ ʬʦʨʤʫ. 

6.3. ʈʦʟʨʘʭʫʥʦʢ ( )nbg . 

7. ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʞ ʨʽʰʝʥʴ ʟʘ ɸʣʛʦʨʠʪʤʦʤ 1. 

8. ʇʦʚʝʨʥʝʥʥʷ ʜʦ 5. 

9. ʂʽʥʝʮʴ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʘʣʛʦʨʠʪʤ 2 ʻ ʽʪʝʨʘʮʽʡʥʠʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ 

ʟʙʞ̔ʥʦʩʪʽ ʚʘʞʣʠʚʦ, ʱʦʙ ʦʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ ʧʨʠʧʠʥʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ Ů ʙʫʚ 

ʙʽʣʴʰʠʤ ʟʘ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʭʠʙʢʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʝʨʝʚʘʞʥʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʢʨʦʢʘʭ 5.2 ʽ 6.1 [5]. 

ʅʘ ʦʩʥʦʚʽ [3] ʧʦʙʫʜʫʻʤʦ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ, 

ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.1. ʄʦʜʝʣʴ ʈʎʊʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʦʤ ʩʪʘʥʽʚ 

(ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ) ʽ ʧʝʨʝʭʦʜʽʚ G [S,A,R], ʜʝ S ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ (ʩʪʘʥʽʚ 

ʈʎʊʇ), A ï ʤʥʦʞʠʥʘ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, R ï ʤʘʪʨʠʮʷ ʨʠʟʠʢʽʚ ʨʝʘʣʽʟʘʮʽʡ ʈʎʊʇ ʧʨʠ 

ʚʠʙʦʨʽ ʧʝʨʝʭʦʜʫ. 
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ʇʦʯʘʪʦʢ 

ɺʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ: 

- ʧʦʪʦʯʥʠʡ ʩʪʘʥ iS ; ʢʽʥʮʝʚʠʡ ʩʪʘʥ eS  

- ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ; 

- ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʽʚ 

- ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ ʥʘ ʦʧʝʨʘʪʦʨʥʫ ʬʦʨʤʫ 

ɿʥʘʭʦʜʞʝʥʥʷ ʤʥʦʞʠʥʠ ʰʣʷʭʽʚ ( )ei SSL ,  ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʜʦ ʢʽʥʮʝʚʦʛʦ  

ʇʝʨʝʨʘʭʫʥʦʢ ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʦʧʝʨʘʪʦʨʥʠʤʠ ʤʦʜʝʣʷʤʠ ʦʧʝʨʘʮʽʡ 

ʈʦʟʙʠʪʪʷ ʛʨʘʬʘ ʈʎʊʇ ʥʘ ʙʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ ʽ ʤʘʢʨʦʦʧʝʨʘʮʽʾ 

ʆʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʦʨʥʠʭ ʤʦʜʝʣʝʡ ʙʘʟʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʈʦʟʨʘʭʫʥʦʢ ʨʠʟʠʢʫ ʰʣʷʭʫ ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ 

ʈʦʟʨʘʭʫʥʦʢ ʨʠʟʠʢʫ 

Ll ieÍ"  

ɺʠʟʥʘʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʠʟʠʢʦʤ 

ɺʠʚʝʜʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ 

ʂʽʥʝʮʴ 

Ll ieÍ"  

 

ʈʠʩʫʥʦʢ 3.1 ï ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ 
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ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʰʣʷʭʽʚ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦ ʢʽʥʮʷ ʧʨʦʮʝʩʫ ʽ ʚʠʙʽʨ ʰʣʷʭʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʩʫʤʘʨʥʠʤ ʨʠʟʠʢʦʤ. ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʫʥʢʮʽʶ 

ʨʦʟʙʠʪʪʷ ʛʨʘʬʘ ʈʎʊʇ ʥʘ ʙʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʬʫʥʢʮʽʾ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʪʠʤʦʾ ʢʨʘʪʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ, ʚ ʷʢʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ ʪʘ ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʪʥʦʩʪʽ ʮʠʢʣʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʮʠʢʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʠʧʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʧʨʦʱʝʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

[15]. 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʘʮʠʢʣʽʯʥʠʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʪʠʤʦʾ ʢʨʘʪʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ, ʜʝ ʚʭʽʜʥʘ ʩʪʨʽʣʢʘ ʜʦ 

ʙʣʦʢʫ 1 ï ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, 1 ï ʙʣʦʢ ʧʦʰʫʢʫ ʤʥʦʞʠʥʠ ʮʠʢʣʽʚ, ʧʦ ʷʢʠʭ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʚʭʜ̔ʥʘ ʩʪʨʽʣʢʘ ʜʦ ʙʣʦʢʫ 2 ï ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʨʘʪʥʦʩʪʽ ʢʦʨʝʥʽʚ 

ʮʠʢʣʫ, 2 ï ʙʣʦʢʫ ʩʪʚʦʨʝʥʥʷ ʤʘʩʠʚʫ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʨʰʠʥ ʨʦʟʽʤʢʥʝʥʦʛʦ ʮʠʢʣʫ 

ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʮʠʢʣʫ, 3 ï ʙʣʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʘ, 4 ï ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʮʠʢʣʫ, 5 ï ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ  

ʢʨʘʪʥʦʩʪʽ ʧʦʚʪʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ, 6 ï ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ 

ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʚ ʮʠʢʣʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʚ ʛʨʘʬʽ, ʚʠʭʽʜʥʘ ʩʪʨʽʣʢʘ ʟ ʙʣʦʢʫ 

3 ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʟ ʨʦʟʛʘʣʫʞʝʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʈʠʩʫʥʦʢ 3.2 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʜʝʢʦʤʧʦʟʠʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʜʝʢʦʤʧʦʟʠʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʘʮʠʢʣʽʯʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʧʫʩʪʠʤʦʾ ʢʨʘʪʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʽʚ.  

ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ:  

G ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ;  

N ï ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ;  

ʉ̔ ï ʮʠʢʣ;  

{ʉ̔} ï ʤʥʦʞʠʥʠ ʮʠʢʣʽʚ; 

 m ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ;  

ni ï ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʚ -̔ʪʦʤʫ ʮʠʢʣʽ;  

ki ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʪʦʨʝʥʥʷ i-ʛʦ ʮʠʢʣʫ.  

 

1 2 3 

4 

5 

6 
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ʇʦʯʘʪʦʢ 

ɺʚʝʜʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ 

ʛʨʘʬʘ ( )NNG ,  

ɺʚʝʜʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʨʘʪʥʦʩʪʽ ʢʦʨʝʥʽʚ ʮʠʢʣʫ iR  

Receiving operator models of the 

basic structures 

 

ʉʪʚʦʨʠʪʠ ʤʘʩʠʚ ],1[ ii nC - ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʝʨʰʠʥ 

ʨʦʟʽʤʢʥʝʥʦʛʦ ʮʠʢʣʫ 

ʇʦʰʫʢ ʤʥʦʞʠʥʠ ʮʠʢʣʽʚ }..1,{ NiCi =  

ɿʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ  G: 
ii knNN Ö+=  

  
1:]1)1(],[[ =+-+ jnNnCG iii

 

1:]1,[ =+Ö+Ö+ jnNjnNG ii
 

ʂʽʥʝʮʴ 

]],[[:],[ efCGefjnNG ii =+Ö+  

iC"

Ll ieÍ"
 

)1..(1 -= ikj

 

inf ..1=  

iNe ..1=
 

ɺʠʚʝʜʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʤʘʪʨʠʮʽ G 

Receiving 

operator models 

of the basic 

structures 

 

ʈʠʩʫʥʦʢ 3.3 ï ɸʣʛʦʨʠʪʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ 
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ʈʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʦʙʨʘʞʘʶʪʴ  ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʘ, ʜʝ ʚʝʨʰʠʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʝʨʘʮʽʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʜʫʛʠ ï 

ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ. ɻʨʘʬ ʦʧʠʩʫʶʪʴ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ, ʜʝ ʚʨʘʭʦʚʫʶʪʴ  

ʢʽʣɹʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ 

ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʨʦʪʽʢʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʡʦʛʦ ʤʦʞʣʠʚʠʤʠ ʮʠʢʣʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʨʘʪʥʦʩʪʽ ʢʦʨʝʥʽʚ ʟʜʽʡʩʥʶʶʪʴ ʩʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʨʘʬʘ ʥʘ ʘʮʠʢʣʽʯʥʠʡ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʟʤʝʥʰʠʪʠ, 

ʧʨʠ ʮʴʦʤʫ, ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ.  

 

3.2 ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʯʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

ʅʘ ʦʩʥʦʚʽ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ ʮʠʢʣʽʯʥʦʛʦ 

ʈʊʇ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʇʽʜ ʨʠʟʠʢʦʤ ʨʦʟʫʤʽʻʤʦ ʩʝʨʝʜʥʽ ʚʪʨʘʪʠ 

ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ. ɸʥʘʣʽʟ ʨʠʟʠʢʫ ʧʦʣʷʛʘʻ ʚ ʦʜʝʨʞʘʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʽ ʨʦʟʨʦʙʮʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʤʦʞʣʠʚʠʭ ʚʪʨʘʪ 

(ʬʽʥʘʥʩʦʚʠʭ, ʪʨʫʜʦʚʠʭ, ʯʘʩʫ ʪʦʱʦ).  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʠʤʠ ʨʦʟʛʘʣʫʞʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

 ɼʣʷ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʽʩʥʫʻ ʙʘʞʘʥʠʡ ʪʘ ʥʝʙʘʞʘʥʠʡ ʩʪʘʥʠ, ʷʢʽ 

ʦʧʝʨʘʮʽʷ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ. ʗʢ ʥʘʚʝʜʝʥʦ ʚ [24-25], ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ, ʚʧʣʠʚ ʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʧʽʜʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʨʢʦʚʩʴʢʦʛʦ ʣʘʥʮʶʛʘ. ʇʨʠ ʮʴʦʤʫ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ 

ʟʤʝʥʰʫ̒ ʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ, ʘ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ï ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ʇʦʢʘʞʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʚʠʢʦʥʘʥʥʷ, ʟʘʣʝʞʥʽʩʪʴ ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ 

ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʩʫʤʘʨʥʦʛʦ ʨʠʟʠʢʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ ʥʘ ʨʠʩ. 

3.4 (ʟʛʽʜʥʦ ʟ [24-25, 29-30]). 

 

 
 

ʈʠʩʫʥʦʢ 3.4 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʨʠʟʠʢʫ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʽʯʥʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ  

 

ɿʛʽʜʥʦ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʫ, ʚʧʣʠʚ ʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ ʧʽʜʧʨʦʮʝʩʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʽʚ. ʇʨʦʪʝ, 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʚʠʪʨʘʪʠ ʥʘ 

ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʫ ʜʦʧʫʩʪʠʤʫ 

ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ, ʧʨʠ ʷʢʽʡ ʚʪʨʘʪʠ ʙʫʣʠ ʙ ʧʨʠʡʥʷʪʥʠʤ, ʘ 

ʨʠʟʠʢ ʙʫʚ ʙʠ ʥʘʡʤʝʥʰʠʤ.   

ʇʨʠʡʥʷʪʥʠʡ ʨʠʟʠʢ ï ʮʝ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʙʘʞʘʥʠʤ ʩʪʘʥʦʤ ʪʘ ʥʝʙʘʞʘʥʠʤ 

ʩʪʘʥʦʤ ʦʧʝʨʘʮʽʾ. ʂʦʥʮʝʧʮʽʷ ʧʨʠʡʥʷʪʥʦʛʦ (ʜʦʧʫʩʪʠʤʦʛʦ) ʨʠʟʠʢʫ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʜʦʧʫʩʪʠʤʠʭ ʚʠʪʨʘʪ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʮʝʩʫ. 

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʠʟʠʢʘʤʠ ʮʠʢʣʽʯʥʠʭ ʈʊʇ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʚ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ.   
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ʇʦʢʘʞʝʤʦ ʙʣʦʢ-ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʽʩʪʶ ʨʦʟʛʘʣʫʞʝʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʨʠʩ. 3.5. 

ɹʣʦʢ-ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ: 

1. Block for defined process parameters ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ (ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʩʪʘʜʽʡ, ʮʠʢʣʽʚ ʽ ʪ. ʧ.) 

2. Block for separating process to subprocesses ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʮʠʢʣʽʚ ʧʨʦʮʝʩʫ ʽ ʨʦʟʜʽʣʷʻ ʧʨʦʮʝʩ ʥʘ ʧʽʜʧʨʦʮʝʩʠ 

 

Defined process 

parameters

Block for 

calculating 

probability of 

each subprocess

Block for 

defining desired 

and undesired 

states

Block for 

separating 

process to 

subprocess 

Process parameters

Input parameters for 

Markov model

Block for 

calculating 

optimal number 

of cycles

Costs

Optimal number of 

cycles
 

ʈʠʩʫʥʦʢ 3.5 ï ɹʣʦʢ-ʩʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʽʩʪʶ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ 

 

3. Block for calculating probability of each subprocess ï ʦʧʠʩʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ. ɹʣʦʢ ʚʠʤʘʛʘʻ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ. 

4. Block for defining desired and undesired states ï ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʙʘʞʘʥʠʡ ʯʠ 

ʥʝʙʘʞʘʥʠʡ ʩʪʘʥ ʦʧʝʨʘʮʽʾ. 

5. Block for calculating optimal number of cycles ï ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʙʘʞʘʥʦʛʦ 

ʪʘ ʥʝʙʘʞʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ 
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ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʩʪʫʧʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʠʟʠʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [24-25]. 

ɹʣʦʢ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʘʥʫ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ, ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ 

ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ ʩʪʘʥʽʚ ʪʘ ʙʣʦʢ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ ʥʘ ʨʠʩ. 3.6.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ, ʥʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʤʦ 

ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ: ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʦʮʝʩʽʚ PN, ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ On, ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʽʚ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ Sm, ʚʽʨʦʛʽʜʥʦʩʪʽ ʮʠʭ ʩʪʘʥʽʚ bnm, ʪʘ ʚʧʣʠʚ vC  ï ʤʘʩʠʚ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ. ɼʘʣʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʚʩʽʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʚʥʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʯʝʨʝʟ N ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʮʝʩʫ. ʂʦʣʠ ʥʝʦʙʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʦ, ʙʫʜʫʻʤʦ ʜʣʷ ʥʠʭ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʝʡ ʙʘʞʘʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ ʩʪʘʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʨʦʡʜʝʥʠʭ ʮʠʢʣʽʚ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʛʨʘʬʽʢʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʧʨʦʮʝʩ, ʟʥʘʭʦʜʠʤʦ ʦʧʪʠʤʫʤ.  

ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʩʪʫʧʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʠʟʠʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʈʠʟʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʘʥʫ ʦʧʝʨʘʮʽʾ ʧʽʜʧʨʦʮʝʩʫ ʥʘ 

ʚʠʪʨʘʪʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʥʘʥʥʷʤ ʮʽʻʾ ʦʧʝʨʘʮʽʾ: 

 

                                     vjjvj VbR Ö=n
~

      (3.1) 

 

ʜʝ vjR  ï ʨʠʟʠʢ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ j-ʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ v-ʤʫ ʩʪʘʥʽ; 

jbn
~

 ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʥʫ 

vjV ï ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ j-ʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ v-ʤʫ ʩʪʘʥʽ; 

ɺʠʪʨʘʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʧʨʦʮʝʩʫ 

 

ä
=

=
S

k
vj

k
vj VV

1
,         (3.2) 
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Begin

Subprocess PN

Operation On

State Sm

State probability bnm

Impact  ʉv

Calculation of state 

probability

Drawing of dependencies 

graphs for desirable and 

undesirable states on the 

number of cycles

Optimum finding

Optimum number of 

cycles

End

iP"

jO"

fS"

vjb"

 

ʈʠʩʫʥʦʢ 3.6 - ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʈʊʇ 

 

ʜʝ S ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ; 

vj
kV  ï ʚʠʪʨʘʪʠ ʥʘ k-ʪʦʤʫ ʮʠʢʣʽ ʥʘ ʚʠʢʦʥʘʥʥʷ j-ʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ v-ʤʫ ʩʪʘʥʽ. 
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ɺ ʝʢʦʥʦʤʽʯʥʽʡ ʪʝʦʨʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʧʦʩʪʽʡʥʽ, ʟʤʽʥʥʽ ʪʘ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ (ʨʠʩ. 

3.7) 

 

FC + VC = TC; 

                                   TC-FC = VC;                                        (3.3) 

TC-VC = FC, 

 

ʜʝ FC ï ʧʦʩʪʽʡʥʽ ʚʠʪʨʘʪʠ;  

VC ï ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ;  

TC ï ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ. 

 
ʈʠʩʫʥʦʢ 3.7 ï ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ: 

C-ʚʠʪʨʘʪʠ; Q-ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ; FG-ʧʦʩʪʽʡʥʽ ʚʠʪʨʘʪʠ; VG-ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ; TG-

ʚʘʣʦʚʽ (ʟʘʛʘʣʴʥʽ) ʚʠʪʨʘʪʠ 

 

ʊʦʙʪʦ ʚʠʪʨʘʪʠ ʥʘ k-ʪʦʤʫ ʮʠʢʣʽ ʥʘ ʚʠʢʦʥʘʥʥʷ j-ʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

v-ʤʫ ʩʪʘʥʽ ʩʪʘʥʦʚʣʷʪʴ 

 

 vj
k

vj
k

vj
k

vj
k VCFCTCV +== .   (2.49) 

 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʪʨʘʪ ʚʘʨʽʶʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ, ʧʦ ʷʢʦʤʫ ʧʨʦʪʽʢʘʚ 

ʧʜ̔ʧʨʦʮʝʩ. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʫʤʫ (ʤʝʞʽ ʧʨʠʡʥʷʪʥʦʛʦ ʨʠʟʠʢʫ ʥʘ ʨʠʩ. 3.4), 

ʧʨʦʛʥʦʟʫʻʤʦ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʦʮʝʩʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʠʟʠʢʘʤʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʮʠʢʣʽʯʥʦʛʦ ʪʠʧʫ. ʊʘʢʠʡ ʤʝʪʦʜ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ (ɸʉʋʊʇ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ.   

 

 

3.3 ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

ʉʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʫʥʢʮʽʡ ʟ ʾʭ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʪʫʧʘʶʪʴ: 

1. ʂʽʣʴʢʽʩʪʴ ʩʪʘʜʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

2. ʂʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

3. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ ʪʘ ʮʠʢʣʽʯʥʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʝʚʥʦʾ ʩʪʘʜʽʾ ʯʠ ʦʧʝʨʘʮʽʾ) ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

4. ʆʧʝʨʘʮʽʾ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ 

ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʪʠʧ, ʩʧʦʩʽʙ ʦʮʽʥʢʠ (ʚʠʤʽʨʶʚʘʥʥʷ, ʝʢʩʧʝʨʪʥʘ 

ʦʮʽʥʢʘ, ʩʫʧʨʦʚʽʜʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ)). 

5. ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʢʽʣʴʢʽʩʪʴ, 

ʥʘʟʚʘ, ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ). 

6. ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʢʽʣʴʢʽʩʪʴ, 

ʥʘʟʚʘ, ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ). 

7. ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ. 

8. ʄʦʜʝʣʴ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ (ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʥʝʯʽʪʢʘ ʙʘʟʘ ʟʥʘʥʴ). 
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9. ɺʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ (ʬʽʥʘʥʩʦʚʽ, ʪʨʫʜʦʚʽ, ʯʘʩʫ ʪʦʱʦ). 

10. ɺʠʪʨʘʪʠ ʥʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʽʜʭʠʣʝʥʴ (ʬʽʥʘʥʩʦʚʽ, ʪʨʫʜʦʚʽ, ʯʘʩʫ ʪʦʱʦ). 

ɺʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʪʫʧʘʶʪʴ: 

1. ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ). 

2. ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

3. ʁʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ. 

4. ʂʦʝʬʽʮʽʻʥʪʠ ʚʠʪʨʘʪ. 

5. ʁʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʰʣʷʭʫ ʧʨʦʮʝʩʫ. 

6. ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ. 

7. ɿʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

8. ʈʝʢʦʤʝʥʜʘʮʽʾ ʦʧʝʨʘʪʦʨʫ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ: 

1. ʇʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ . 

2. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

2.1.  ʈʝʢʦʤʝʥʜʘʮʽʾ ʦʧʝʨʘʪʦʨʫ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

2.2. ɺʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. 

3. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

3.1. ʈʦʟʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

3.2. ʈʦʟʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ.  

3.3. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʰʣʷʭʫ 

ʧʨʦʮʝʩʫ. 

3.4. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʪʨʘʪ. 

3.5. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ. 

3.6. ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ɼʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ;  

ï ʚʭʽʜ ʚ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʬʦʨʤʫ ʘʚʪʦʨʠʟʘʮʽʾ; 

ï ʚʠʚʽʜ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʜʘʯʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ; 

ï ʚʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ: 

1) ʛʨʘʬʽʢʠ (ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʮʝʩʫ); 

2) ʪʘʙʣʠʮʽ (ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ); 

3) ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʪ. ʧ. 

ɼʣʷ ʛʨʘʬʽʯʥʦʛʦ ʦʧʠʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʠʤʦ ʦʩʥʦʚʥʽ UML-

ʜʽʘʛʨʘʤʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʜʽʷʣʴʥʦʩʪʽ.   

UML-ʜʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ  ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 3.8. UML-ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.9. 

UML-ʜʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʫʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʬʫʥʢʮʽʤ̫ʠ ʩʠʩʪʝʤʠ. ɻʦʣʦʚʥʠʤʠ ʘʢʪʦʨʘʤʠ ʚʠʩʪʫʧʘʶʪʴ çʆʧʝʨʘʪʦʨè, ʢʦʪʨʠʡ 

ʢʦʨʠʩʪʫʻʪʴʩʷ ɯʊ ʪʘ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʝʘʣʽʟʘʮʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

çʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩè ʻ ʛʦʣʦʚʥʠʤ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ,  ʥʘʜ ʷʢʠʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ - ʨʦʟʨʘʭʦʚʫʚʘʥʥʷ ʨʠʟʠʢʫ ʨʝʘʣʽʟʘʮʽʾ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʰʣʷʭʫ ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ. 
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ʈʠʩʫʥʦʢ 3.9 ï UML-ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ 

 

 

UML-ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʥʥʷ ɯʊ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʜʽʡʩʥʠʪʠ çʈʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʊʇè ʥʝ ʤʦʞʣʠʚʦ ʙʝʟ ʧʦʧʝʨʝʜʥʽʭ ʬʫʥʢʮʽʡ çɺʚʝʜʝʥʥʷ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚè. ɹʝʟ ʨʝʘʣʽʟʘʮʽʾ ʧʦʧʝʨʝʜʥʽʭ ʜʽʡ, ʦʪʨʠʤʘʻʤʦ ʥʝʢʦʨʝʢʪʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʦʨʦʤ ʥʝʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʚʪʨʘʪ. 
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3.4 ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

 

ʂʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɯʊ ʇʈ ʈʎʊʇ) 

ʧʦʢʘʞʝʤʦ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʢʣʘʩʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʠʭ ʚ [21].  

ʈʦʟʨʦʙʢʫ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʽʚ ʚʠʢʦʥʫʻʤʦ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. 

ʇʦʢʘʞʝʤʦ ʢʣʘʩʠ ʧʝʨʰʦʛʦ (ʦʩʥʦʚʥʦʛʦ) ʝʪʘʧʫ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʦʩʥʦʚʥʽ 

ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʥʠʤʠ (ʨʠʩ. 3.10). 

 ʂʣʘʩ-ʽʥʪʝʨʬʝʡʩ çɯʊ ʇʈ ʈʎʊʇ è ʻ ʟʚʠʯʘʡʥʠʤ ʤʫʣʴʪʠʚʽʢʦʥʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. 

ɺ̔ ʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʣʘʩʠ: çʄʦʜʝʣʴè, çɼʘʥʽè, çʇʨʦʛʥʦʟè, çʈʠʟʠʢè, çʈʽʰʝʥʥʷè, 

çʅʘʚʯʘʥʥʷè. 

ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çʄʦʜʝʣʴè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.11. ʂʣʘʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: çʆʧʠʩ ʪʝʭʥʦʣʦʛʽʾè, çɻʨʘʬè ʽ çɹʘʟʘ ʟʥʘʥʴè. ʅʘ ʦʩʥʦʚʽ 

ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʄʦʜʝʣʴè ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʱʘʜʢʠ: çʄʦʜʝʣʴ ʈʎʊʇè ʽ çʄʦʜʝʣʴ 

ʦʪʦʯʝʥʥʷè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 3.10. 

ʂʣʘʩ çʄʘʪ. ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʈʎʊʇè ʻ ʨʝʘʣʽʟʘʮʽʻʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʥʝʚʠʟʥʘʯʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʛʨʘʬʘʭ ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʨʢʦʚʩʴʢʠʭ ʣʘʥʮʶʛʘʭ. 

 ʂʦʤʧʦʥʝʥʪ çʆʧʠʩ ʪʝʭʥʦʣʦʛʽʾè ʻ ʙʘʟʦʚʠʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʫʩʽ 

ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʽ. ʈʦʙʦʪʘ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ 

ʩʘʤʝ ʟ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. ʋ ʥʘʱʘʜʢʘʭ 

ʦʧʝʨʘʮʽʷ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʢʦʥʢʨʝʪʠʟʫʻʪʴʩʷ ʱʦʜʦ ʚʚʝʜʝʥʥʷ ʦʧʠʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʽ ʦʧʠʩʫ ʦʪʦʯʝʥʥʷ. 
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ʂʦʤʧʦʥʝʥʪ çɹʘʟʘ ʟʥʘʥʴè ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʡ (ʝʪʘʧʽʚ, ʩʪʘʜʽʡ) 

ʈʎʊʇ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʦʧʝʨʘʮʽʾ ʪʘ ʥʘʷʚʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʽʞ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʦʚʥʽʰʥʽʤʠ ʚʧʣʠʚʘʤʠ ʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʝʨʘʮʽʾ 

(ʢʽʣʴʢʩ̔ʥʠʤʠ, ʷʢʽʩʥʠʤʠ ʽ ʚʠʪʨʘʪʘʤʠ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʧʦʜʘʥʥʷ ʟʥʘʥʴ: 

ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʦʜʝʣʽ, ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʽ ʩʭʝʤʠ, ʧʨʦʜʫʢʮʽʡʥʽ ʧʨʘʚʠʣʘ, ʘʥʘʣʽʪʠʯʥʽ 

ʤʦʜʝʣʽ. 

ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çɼʘʥʽè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.12. ɼʘʥʽ ʱʦʜʦ ʈʎʊʇ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʩʪʨʫʢʪʫʨʥʽ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚôʷʟʘʪʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʟ ʧʝʚʥʦʶ 

ʦʧʝʨʘʮʽʻʶ (ʝʪʘʧʦʤ) ʽ ʧʘʨʘʤʝʪʨʦʤ ʈʎʊʇ, ʽ ʚʣʘʩʥʝ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʾʭ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠʩʷ ʫ ʯʽʪʢʽʡ, ʽʥʪʝʨʚʘʣʴʥʽʡ, 

ʥʝʯʽʪʢʽʡ, ʡʤʦʚʽʨʥʽʩʥʽʡ ʬʦʨʤʽ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʣʦʛʽʻʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɯʊ ʇʈ ʈʎʊʇ, ʫʩʽ ʬʦʨʤʠ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʜʽʘʛʨʘʤʽ ʜʘʥʽ ʯʽʪʢʽ, 

ʽʥʪʝʨʚʘʣʴʥʽ, ʥʝʯʽʪʢʽ (ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ) ʽ ʡʤʦʚʽʨʥʽʩʥʽ (ʩʪʘʪʠʩʪʠʯʥʽ) ʧʦʢʘʟʘʥʽ ʷʢ 

ʘʛʨʝʛʘʮʽʷ, ʘ ʫʟʘʛʘʣʴʥʝʥʽ ï ʷʢ ʢʦʤʧʦʟʠʮʽʷ. 

ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çʇʨʦʛʥʦʟè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.13. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.10, ʈʎʊʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʚʟʘ̒ ʤʥʦʤʫ ʚʧʣʠʚʽ ʽ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺʽʜʧʦʚʽʜʥʦ ʬʦʨʤʘʣʴʥʠʡ 

ʢʣʘʩ çʇʨʦʛʥʦʟè ʤʘʻ ʜʚʦʭ ʥʘʱʘʜʢʽʚ: çʇʨʦʛʥʦʟ ʈʎʊʇè ʽ çʇʨʦʛʥʦʟ ʩʝʨʝʜʦʚʠʱʘè.  

ʂʣʘʩ çʇʨʦʛʥʦʟ ʈʎʊʇè ʻ ʨʝʘʣʽʟʘʮʽʻʶ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʜʠʚ. 

ʧ. 2.3.) 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʈʎʊʇ ʽ ʜʘʥʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ ʦʧʝʨʘʮʽʾ (ʝʪʘʧʠ), 

ʜʣʷ ʧʨʦʛʥʦʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʛʨʝʩʽʡʥʽ, ʥʝʯʽʪʢʽ ʤʝʪʦʜʠ ʘʙʦ ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʽ ʘʛʨʝʛʦʚʘʥʽ ʫ ʢʣʘʩ çʇʨʦʛʥʦʟè. 
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ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʟʘʻʤʦ- 

ʜʽʶʪʴ 

ʈʠʩʫʥʦʢ 3.11 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʄʦʜʝʣʴè 

 

ʄʦʜʝʣʴ 

ɻʨʘʬ 

ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ 

ʄʘʪʨʠʮʷ ʋʌ 

ʄʘʪʨʠʮʷ ʚʝʢʪʦʨʽʚ ʚʘʛʽʚ 

ɸʣʛʦʨʠʪʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ ʥʘ 

ʘʮʠʢʣʽʯʥʠʡ ʛʨʘʬ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

 

ɹʘʟʘ ʧʨʘʚʠʣ 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ 

ʇʨʘʚʠʣʘ 

ɺʘʛʠ 

ɸʣʛʦʨʠʪʤ ʄʘʤʜʘʥʽ 

ɸʣʛʦʨʠʪʤ ʉʫʛʝʥʦ 

ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ 

ʂʦʝʬʽʮʽʻʥʪ 

ʘʧʨʦʢʩʠʤʘʮʽʾ 

ɸʥʘʣʽʟ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ 

ʄʦʜʝʣʴ 

ʩʝʨʝʜʦʚʠʱʘ 

ʄʘʪ. ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ 

ʈʎʊʇ 

ʆʧʠʩ ʪʝʭʥʦʣʦʛʽʾ 

 
ʅʦʤʝʨ ʦʧʝʨʘʮʽʾ 

ɺʭ. ʧʘʨʘʤʝʪʨʠ 

ɺʠʭ. ʧʘʨʘʤʝʪʨʠ 

ɿʤʽʩʪ ʦʧʝʨʘʮʽʡ 

ɺʠʤʦʛʠ  

 
ɺʠʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ɹʘʟʘ ʟʥʘʥʴ 

ɺʭ. ʧʘʨʘʤʝʪʨʠ 

ɺʠʭ. ʧʘʨʘʤʝʪʨʠ 

ɺʪʨʘʪʠ 

ɺʧʣʠʚʠ 

 

 

ʉʃʉ 

ɽʣʝʤʝʥʪʠ ʚʟʘʤ̒ʠʥ 

ʈʎʊʇ 

ʆʙʨʦʙʢʘ ʉʃʉ 

ɸʣʛʦʨʠʪʤʽʯʥʽ ʤʦʜʝʣʽ 

ɻʨʘʬ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 

ʆʙʨʦʙʢʘ ʛʨʘʬʦʚʦʾ 

ʤʦʜʝʣʽ 

ɿʙʝʨʽʛʘʥʥʷ  

ʤʦʜʝʣʝʡ 



 

 

1
1

1 

 

 
ʈʠʩʫʥʦʢ 3.12 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çɼʘʥʽè 

ʫʟʘʛʘʣʴʥʶʻ 

ʧʦʩʠʣʘʻʪʴʩʷ 

ɼʘʥʽ 

 

 

 

 

 

ɯʥʪʝʨʚ. ʦʮʽʥʢʘ 

ɯʥʪʝʨʚʘʣʴʥʽ 

 

ʃʽʚʘ ʛʨʘʥʠʮʷ 

ʇʨʘʚʘ ʛʨʘʥʠʮʷ 

 

 

 

 

 

 

 

ʆʨʛʘʥ̔ ʟʘʮʽʷ  ʚ ʬʘʡʣ 

ʉʪʨʫʢʪʫʨʥʽ 

ʅʦʤʝʨ ʦʧʝʨʘʮʽʾ 

ʉʪʨʫʢʪʫʨʘ ʚʭ. ʜʘʥʠʭ 

ʉʪʨʫʢʪʫʨʘ ʚʠʭ. ʜʘʥʠʭ 

 

ɿʥʘʯʝʥʥʷ 

 

 

 

ʇ 

ɿʘʧʠʩ ʚ ʬʘʡʣ  

ʏʽʪʢʽ 

 

 

 

 

ɼʽʡʩʥʽ ʟʥʘʯʝʥʥʷ 

ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ 

ɿʥʘʯʝʥʷ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ m 

ʌʘʟʠʬʽʢʘʮʽʷ 

ɼʝʬʘʟʠʬʽʢʘʮʽʷ 

ʉʪʘʪʠʩʪʠʯʥʽ  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ɯʥʪʝʨʚʘʣ ʢʦʨʝʣʷʮʽʾ 

ʈʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʂʦʨʝʣʷʮʽʡʥʘ ʬ-ʮʽʷ 

ʋʟʘʛʘʣʴʥʝʥʽ 

ʋʄʌ 

ʋʟʘʛʘʣʴʥʝʥʥʷ m 

ʋʟʘʛʘʣʴʥʝʥʥʷ f  

ʋʟʘʛʘʣʴʥʝʥʥʷ D  
 

 

ʫʟʘʛʘʣʴʥʶʻ 

ʫʟʘʛʘʣʴʥʶʻ 

ʫʟʘʛʘʣʴʥʶʻ 
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ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çʈʠʟʠʢè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.14. ʂʣʘʩ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʨʴʦʤʘ 

ʽʥʰʠʤʠ ʢʣʘʩʘʤʠ çɺʪʨʘʪʠè, çʅʝʚʠʟʥʘʯʝʥʽʩʪʴè ʽ çʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾè, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʽʥʰʠʭ ʢʣʘʩʽʚ ʽ ʧʦʜʘʶʪʴ ʫ ʟʨʫʯʥʽʡ ʬʦʨʤʽ ʜʘʥʽ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ ʽ ʡʦʛʦ ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

 

 
ʈʠʩʫʥʦʢ 3.14 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʈʠʟʠʢè 

ʚʠʢʦʨʠʩ- 

ʪʦʚʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʈʠʟʠʢ 

 

 

ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ 

ɸʣʛʦʨʠʪʤ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

 

ɺʪʨʘʪʠ 

 

ɺʠʜʠ ʚʪʨʘʪ 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

 

 

 

ʈʦʟʨʘʭ. ʬʫʥʢ. ʥʝʚʠʟʥ 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ 

 

 

ʈʦʟʨʘʭ. ʬʫʥʢ. ʥʝʚʠʟʥ 

ʅʝʚʠʟʥʯ. ʚʭ. ʧʘʨʘʤ. 
ʅʝʚʠʟʥ. ʚʠʭ. ʧʘʨʘʤ. ɺʠʜʠ ʚʪʨʘʪ 

ɺʪʨʘʪʠ 

ʚʟʘʻʤʦ- 

ʜʽʶʪʴ 

 

ʇʨʦʛʥʦʟ 

ʈʠʩʫʥʦʢ 3.13 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʇʨʦʛʥʦʟè 

ʇʨʦʛʥʦʟ 

ʩʝʨʝʜʦʚʠʱʘ 

ʇʨʦʛʥʦʟ 

ʈʎʊʇ 

 

 

 

 

ɸʥʘʣʽʟ 

 

ʈʝʛʨʝʩʽʷ 

 

 ʌ-ʮʽʷ ʨʝʛʨʝʩʽʾ 

 

 

 

ʅʝʯʽʪʢʘ ʙʘʟʘ 

ʟʥʘʥʴ 

 

ʅʝʯʽʪʢʠʡ 

ʚʠʩʥʦʚʦʢ 

 

 

 

 

 

ɸʧʨʦʢʩʠʤʘʮʽʷ 

ɽʢʩʪʨʘʧʦʣʷʮʽʷ 

ɼʠʩʢʨʝʪʥʠʡ 

ʘʥʘʣʽʟ 

ʌʘʟʠʬʽʢʘʮʽʷ 

ɼʝʬʘʟʠʬʽʢʘʮʽʷ 

ʇʦʭʠʙʢʠ 
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ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çʅʘʚʯʘʥʥʷè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.15. ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʈʎʊʇ, ʽ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. ʅʘʣʘʰʪʫʚʘʥʥʶ ʧʽʜʣʷʛʘʶʪʴ ʢʦʤʧʦʥʝʥʪʠ ʦʩʥʦʚʥʠʭ 

ʧʽʜʢʣʘʩʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʩʘʤʝ: ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʛʥʦʟʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʽʰʝʥʴ. 

 

 
 

ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʫ çʈʽʰʝʥʥʷè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.16. ʆʩʥʦʚʦʶ ʡʦʛʦ ʻ ʘʣʛʦʨʠʪʤ 

ʛʽʣʦʢ ʪʘ ʛʨʘʥʠʮʴ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʈʎʊʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʫʤʦʚʣʝʥʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʘʨʽʘʥʪʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ (ʨʦʟʤʽʨʥʽʩʪʶ ʤʘʩʠʚʫ ʨʝʘʣʽʟʘʮʽʡ) ʽ ʘʜʠʪʠʚʥʽʩʪʶ ʚʪʨʘʪ. ʇʦʨʽʚʥʷʥʥʷ 

ʨʠʟʠʢʫ ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ ʟ ʛʨʘʥʠʮʝʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʧʦʨʽʚʥʷʥʥʷ 

(ʨʘʥʞʫʚʘʥʥʷ)  ʨʠʟʠʢʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʻ ʚʠʟʥʘʯʝʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ 

ʨʝʟʫʣʪɹʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʨʠʟʠʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʧʦʨʽʚʥʷʥʴ  ʚʠʢʦʥʘʻʤʦ 

ʨʘʥʞʫʚʘʥʥʷ ʫʩʽʭ ʨʝʘʣʽʟʘʮʽʡ ʈʎʊʇ ʟʘ ʢʨʠʪʝʨʽʻʤ ʨʠʟʠʢʫ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʚʘʛʘ ʧʝʚʥʦʾ 

ʨʝʘʣʟ̔ʘʮʽʾ ʈʎʊʇ ʥʘʜ ʽʥʰʠʤʠ ʚʠʟʥʘʯʝʥʘ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ, ʪʦ ʤʦʞʣʠʚʽ 

ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʘʥʞʫʚʘʥʥʷ, ʷʢʽ ʪʝʞ ʙʫʜʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʚʽʨʦʛʽʜʥʽʩʪʴ. ɺʠʟʥʘʯʘʻʤʦ 

ʅʘʚʯʘʥʥʷ 

ʈʠʩʫʥʦʢ 3.15 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʅʘʚʯʘʥʥʷè 

ʅʘʣʘʰʪʫʚʘʥʥʷ 

ʨʽʰʝʥʴ 

ɻʨʘʥʠʮʷ 

ʅʘʣʘʰʪʫʚʘʥʥʷ 

ʧʨʦʛʥʦʟʫ 

ʌ-ʮʽʷ ʨʝʛʨʝʩʽʾ 

ʅʘʣʘʰʪʫʚʘʥʥʷ 

ʜʘʥʠʭ 

ɻʨʘʥʠʮʽ ʽʥʪ. ʜʘʥʠʭ 

ʇʘʨʘʤʝʪʨʠ ʬ-ʮʽʡ 

ʥʘʣʝʞʥʦʩʪʽ 

ɯʥʪʝʨʚʘʣ ʢʦʨʝʣʷʮʽʾ 

ʇʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʽʚ 

 

 

ʅʘʣʘʰʪʫʚʘʥʥʷ 

ʤʦʜʝʣʽ 

ɺʘʛʠ ʧʨʘʚʠʣ 

ʂʦʝʬʽʮʽʻʥʪʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ 
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ʥʘʡʽʤʦʚʨ̔ʥʽʰʠʡ ʚʘʨʽʘʥʪ ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʙʣʠʟʴʢʽ ʜʦ ʥʴʦʛʦ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʧʝʨʘʪʦʨ, 

ʷʢʠʡ ʢʝʨʫʻ ʈʎʊʇ, ʧʨʠʡʤʝ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʬʦʨʤʫʻʤʦ ʤʥʦʞʠʥʫ 

ʧʝʨʝʩʪʘʥʦʚʦʢ  ʨʝʘʣʽʟʘʮʽʾ ʈʎʊʇ.  ʂʦʞʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ 

ʈʎʊʇ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʚʘʨʽʘʥʪʘ ʨʘʥʞʫʚʘʥʥʷ ʦʪʨʠʤʫʻʤʦ 

ʚʽʨʦʛʽʜʥʽʩʪʴ. 

 

 

ʂʣʘʩ çʈʽʰʝʥʥʷè ʤʘʻ ʥʘʱʘʜʢʘ çʃʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷè, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʩʠʩʪʝʤʘʭ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ. ʋ ʈʎʊʇ ʟ ʧʦʪʦʢʦʤ ʩʠʨʦʚʠʥʠ ʣʦʢʘʣʴʥʽ 

ʨ̔h ʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʟʛʦʜʞʝʥʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʫ çʈʽʰʝʥʥʷè ʘʛʨʝʛʦʚʘʥʠʡ 

ʢʣʘʩ çʂʦʦʨʜʠʥʘʮʽʷè, ʷʢʠʡ ʤʘʻ ʜʚʦʭ ʥʘʱʘʜʢʽʚ: çʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʽʷè (ʜʣʷ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʈʎʊʇ) ʽ çɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʽʷè (ʜʣʷ 

ʦʜʥʦʨʘʥʛʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʈʎʊʇ). 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ çʈʽʰʝʥʥʷè 

ʚʟʘʻʤʦʜʽʶʪʴ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʢʦʦʨʜʠʥʘʮʽʷ 

ʃʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷ ʂʦʦʨʜʠʥʘʮʽʷ 

ʈʽʰʝʥʥʷ 

ɻʨʘʥʠʮʷ 

ʄʘʩʠʚ ʨʝʘʣʽʟʘʮʽʾ 

ʇʝʨʝʙʽʨ ʨʝʘʣʽʟʘʮʽʡ 

ʈʘʥʞʫʚʘʥʥʷ ʨʠʟʠʢʽʚ 

ɸʣʛʦʨʠʪʤ ʛʽʣʦʢ ʪʘ ʛʨʘʥʠʮʴ 

ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʢʦʦʨʜʠʥʘʮʽʷ 
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3.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʽʜ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦ ʢʽʥʮʷ ʧʨʦʮʝʩʫ ʽ ʚʠʙʽʨ ʰʣʷʭʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʩʫʤʘʨʥʠʤ 

ʨʠʟʠʢʦʤ. ʊʘʢʦʞ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʠ ʈʎʊʇ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʨʘʤʥʦ ʩʧʨʦʩʪʠʪʠ ʨʦʟʙʠʪʪʷ ʛʨʘʬʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʽ ʮʠʤ ʩʘʤʠʤ, ʝʬʝʢʪʠʚʥʦ ʧʜ̔ʨʘʭʫʚʘʪʠ ʨʠʟʠʢ. 

ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʚʪʦʨʝʥʴ ʮʠʢʣʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʧʽʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʾ ʤʘʨʢʦʚʩʴʢʦʾ ʤʦʜʝʣʽ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʦʧʝʨʘʪʦʨʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʪʘ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʪʘ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ. ɸʨʭʽʪʝʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʈʎʊʇ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ UML-ʜʽʘʛʨʘʤʠ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, UML-ʜʽʘʛʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ UML-ʜʽʘʛʨʘʤ ʢʣʘʩʽʚ. ʈʦʟʨʦʙʣʝʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ [15-14, 16, 24-25, 29-30]. 
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ʈʆɿɼɯʃ 4 

ʇʈɸʂʊʀʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ              

ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʋʇʈɸɺʃɯʅʅɯ ʈʆɿɻɸʃʋɾɽʅʆ-

ʎʀʂʃɯʏʅʀʄʀ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ 

 

4.1 ʈʝʘʣʽʟʘʮʽʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

 

ɯʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʦʟʛʘʣʫʞʝʥʦ-

ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ çTP Modelingè  ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ Visual Studio 2013.   

ɼʝʷʢʽ ʚʽʥʢʘ ʩʠʩʪʝʤʠ çTP Modelingè ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.1 ï 4.6. 

ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʛʘʣʫʞʝʥʦ-ʮʠʢʣʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɯʊ ʇʈ ʈʎʊʇ) çTP 

Modelingè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.1. 

 

ʈʠʩʫʥʦʢ 4.1  ï ɻʦʣʦʚʥʝ ʤʝʥʶ ɯʊ ʇʈ ʈʎʊʇ çTP Modelingè 
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ʇʨʦʤʽʞʥʠʡ ʢʨʦʢ ʚʚʝʜʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʫʻ ʤʦʜʫʣʴ çInput parametersè 

(ʨʠʩʫʥʦʢ 4.2).  

 

ʈʠʩʫʥʦʢ 4.2 ï ʄʦʜʫʣʴ çInput parametersè 

 

ʄʦʜʫʣʴ  çTP Schemeè ʧʦʜʘʻ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɼʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʦʚʦʯʽʚ ï ʨʠʩ. 4.3, ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʭʽʤʽʯʥʦʾ ʯʠʩʪʢʠ ï ʨʠʩ. 4.4. ɻʨʘʬ ʥʘ ʮʠʭ ʚʽʢʥʘʭ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʤʽʞʥʫ ʩʪʘʜʽʶ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʈʎʊʇ. 
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ʈʠʩʫʥʦʢ 4.3 ï ʄʦʜʫʣʴ çTP Schemeè 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɺʽʢʥʦ ʬʦʨʤʫʚʘʥʥʷ ʈʎʊʇ ʚ ʩʠʩʪʝʤʽ çTP Modelingè 

 

ʄʦʜʫʣʴ çTotal Riskè ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʦʙʨʘʭʫʥʢʠ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʚʪʨʘʪʠ 

ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 4.5). ɼʘʥʠʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ 

ʦʙʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʨʦʪʽʢʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʚʪʨʘʪ ʧʨʠ ʚʠʧʨʘʚʣʝʥʥʽ ʮʠʭ 
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ʧʦʤʠʣʦʢ. ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʄʦʜʫʣʴ çTotal Riskè 

 

ɼʦʜʘʪʢʦʚʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʚʠʢʦʥʘʥʥʷ ʈʎʊʇ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.6. ʇʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʚʦʶ 

C# ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ: 

- Caliburn.Micro ï ʟʘʙʝʟʧʝʯʫʻ ʰʘʙʣʦʥ MVVM ʜʣʷ ʜʦʜʘʪʢʫ; 

- MahApps.Metro ï ʟʘʙʝʟʧʝʯʫʻ ʛʨʘʬʽʯʥʫ ʯʘʩʪʠʥʫ; 

- System.Math ï ʟʘʙʝʟʧʝʯʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʻ: ʥʘʚʽʛʘʮʽʷ, ʨʦʙʦʪʘ ʟ ʚʚʝʜʝʥʥʷʤ / ʚʠʚʝʜʝʥʥʷʤ, 

ʨʦʟʨʘʭʫʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ. 

 
















































































































































































